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Chapter  8. 

■•quirauitt  for  safety,  presented  to  egaipseatylfesstce  of  electrical 
networks,  last  a Hat  loss,  eguipaeat. 


1.  Electrical  lines. 


Besides  the  general  reguireaents  far  electrical  safety  about 
which  was  said  above,  the  relating  to  all  foras  electrical 
eguipaent/de vices,  there  are  special  reguireaents  with  respect  to 
electrical  safety,  which  reflect  the  specificity  of  the  individual 
foras  of  electrical  eguipaeat /dev ices  and  their  operation. 

Any  Foras  of  electrical  eguipaent/devices  (grid/network,  setting 
up,  eguipaeat)  using  their  design  concept  and  aounting  net hod  aust 
answer  their  designation/pnrpose;  correspond  to  the  voltage/stress 
under  which  they  aust  be  operated;  to  the  operating  node;  to  the 
conditions  of  surrounding  aediua  and,  finally,  the  gualif ications  of 
their  service  personnel  in  accordance  with  the  operating  rules  of 
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i 

equipaent/device,  technical  operation  and  safety  of  aainta nance. 

Page  73. 

By  construction  distinguish  electrical  lines  air  and  cable. 

I 


Aerial  lines. 


Bluctrical  safety  of  aerial  lines  is  provided  by  tha  suspension 
of  wires  earth  referenced,  sex/floors,  service  platforas,  roofs, 
balconies  and  so  forth  on  vertical  line  and  relatively  near  the 
arranged/located  buildings,  installations,  railroads,  autaroutes  etc. 
on  horizontal  on  the  distances,  which  elininate  the  possibility  of 
dangerous  approach/approxiaation  or  touch  to  wires.  Table  9 shows  the 
smallest  peraissible  vertical  distances  with  the  greatest  sagging  of 
the  vires  of  aerial  lines,  which  intersect  the  different  territories 
into  objects  (in  aeters) . 


* - 





— i — i 


mi 


DOC  » 77233401 


PAGB 


5 


Table  9. 


! 


; iOfrbeKTw  nepeceteHNH 


iacexenHin  MecTHOCTb  n 
eppHTopHH  npOMbllliaeHHbIX 
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■j 
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HhHHH  CBR3H  H ClirHa^H3»UMH 

r.  21)  v 

Keae3Hbie  . aoporn  oOuiero 

30B8HHH,  9JteKTpH$»U!tpO- 

ue  xceae3Hbie  floporw,  as- 
OnabHbie  (<Jmr.  22) 

PBoxo-,  ra30>,  TeiutonpoBoAM , 
{B«aH3auHOHHbie  rpy 6u 
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\ BOXopa3dopHue  kojiohum 

NBOBMe  KOJOHKH 


> 

HanpaatexMe 

I «# 

1 

2-20 

35-110 

ISO 

f 

220 

6 

7 , 

7 

7.5 

8 

1 

5 

CO 

r 2 feS 

6,5 

M*  '■ 
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8 
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— 

— 
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— 

— 
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Key:  (1).  objects  of  iatersectioe.  (2).  Toltage/stress  ia  kv.  (3). 
Populated  locality  and  the  territories  of  industrial  enterprises 


(Pig.  20a).  (4) . The  unpopulated  locality  (see  Pig.  20b).  (5).  Aerial 
lines  by  voltage/stress  to  1000  V (see  Pig.  20c).  (6).  Proa.  (7). 
to.  (8).  Liaes  of  coaaunication/connection  and  signaling  (Pig.  21). 
(9).  The  railroads  of  the  coaaon/general/total  use,  electrified  are 


the  railroads,  autoaobile  (Pig.  22).  (10).  Hater,  gas-,  heating 
aains,  sewers.  (11).  The  fire  hydrants,  pits,  water  posts.  (12).  The 
gasoline  puaps. 
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FOOT 40TB  4 . Depending  on  voltage  and  span  length  in  n.  BHD  BOOT 40TB. 


P00T40TB  *.  For  voltage  10  k?.  BHD FOOT NOTE. 


FOOTNOTE  For  voltage  20  k?.  The  first  noneral  indicates  distance 
when,  aerial  line,  lightning-protection  line  is  present,;  the  second 
noneral  - in  the  absence  of  lightning- protect iop  line.  BKDFOOTNOTE. 
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rig-  20.  Diaensiois  of  sospoosiao  of  Vicos  by  voXtogs/stcsss  op  to 
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1000  V.  a - during  intersection  of  populated  locality,  b - during 
intersection  of  unpopulated  locality,  c - aerial  lines  by 
voltage/ stress  to  1000  V. 

Key:  (1).  deter. 


Page  75. 

Vertical  distance  (in  n)  fron  the  wires  of  input/introductions 
to  the  earth/ground,  the  place  of  the  notion  of  transport,  railroad 
lines,  buildings  they  aust  be  not  less  indicated  in  Table  10. 

The  snallest  peraissible  distances  on  horizontal  (in  a)  fron 
wires  to  different  objects  are  shown  in  Table  11. 

For  the  purpose  of  the  prevention/warning  of  the  break  of  wires 
and  connected  with  this  possibility  of  heavy  electrotraaaas  (with 
lethal  outcone)  the  operating  rules  establish/installed  the  following 
snallest  peraissible  sections  of  wires  depending  on  their  aaterial 
and  the  voltage/stress  of  setting  up. 

Table  12  shows  the  snallest  sections  of  wires,  peraissible 
according  to  the  conditions  of  aechanical  strength. 
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By  tii«  operating  coles  is  allow /assuaed  the  combined  suspension 

I 

of  wires  on  connon /genera 1/total  supports  with  the  observance  of  the 
following  reqnireaents,  presorted  in  Table  13. 
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Pig-  21.  Diaensioas  of  suspension  of  vices  during  intersection  of 
lines  of  coaaun icat ion /connect  ion  and  signaling- 

Pig.  22.  Diaensioas  of  suspension  of  vires  about  intersection  of 
railway  line  of  coa non/ general/total  use. 


Table  10. 
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K«y:  (1).  Dimensions.  (2).  Voltage/stress  in  kv.  (3).  to.  (4).  Peon 
the  vires  of  inpat/introductions,  vhich  intersect  passages  and  the 
places  of  the  notion  of  transport  (Pig.  23).  (5).  Pros  the  vires  of 
inpot/introdnetioas  to  rail  transport  (Pig.  24a).  (6).  Pros  the  vires 
of  the  inpat/iatrodactioas,  vhich  do  not  intersect  passages  and  the 
places  of  the  notion  of  transport  (see  Pig.  24b).  (7).  Proa  the  vires 
of  in pat/int redactions  to  the  roof  (Pig.  25)  of  the  inconbustible 
production  buildings  and  installations. 


Pig.  23.  Dinensioas  of  suspension  of  vires  of  input/introd actions, 
vhich  intersect  passages  and  places  of  notion  of  transport. 


MMM 
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Fig.  24.  DiMMioit  of  snspensian  of  tint  of  inpnt/int  ref  actions, 
which  do  not  intersect  passages  and  places  of  notion  of  transport,  a 
is  the  heigh t/altitude  ha  * 3.S  n with  woltage/stress  of  wires  to  1 
kY,  b - height/altitude  h2  = 4.5  a with  the  voltage/stress  of  wires 
fron  1 to  10  kY  inclusively. 
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Pig.  25.  Distances  ftoi  wires  of  input/intoroductions  on  roof  of 
surface  of  roof,  a - the  addition  of  wires  into  the  building  through 
iron  pipe,  b - distance  h = 3 n with  the  volt age/ stress  of  wires  to 
35  kV,  h * 3. 75  a with  the  voltage  of  wires  110  kT. 


■ 


Key: 


(1).  Roof. 


pQQQ..  77. 
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Keys  (1).  objects  of  approach.  (2).  Voltage  in  kV.  (3).  Structures 
(Pig.  26).  (4).  Balconies,  terraces,  windows.  (5).  Dead/blind  walls. 
(6) . Roof 


POOTMOTE  *.  The  passage  of  aerial  lines  is  allow/assuaed  above  the 
incoabustible  production  buildings  and  installations.  ERDPOOTROTB. 


(7).  Aerial  lines  of  conaunication/counection  and  signaliig.  (8).  is 
nor  sal  * (Pig.  27). 


POOT VOTE  *.  The  separations  of  aerial  lines  and  the  lines  of 
coanuqication/conaectioa  and  signalings  are  deterained  oa  the  basis 
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of  calculation  on  the  coupling  circuit  and  signaling,  but  they  aust 
ba  not  lass  than  tha  haight/altitude  of  t*e  highest  support. 
ENDFOOTNOTE. 


(9).  Under  tha  squeezed  conditions  ». 


FOOTNOTE  3.  Distances  are  shown  for  the  sguaasad  route. .Is  noraal  tha 
distance  between  centers  of  aerial  lines  I,  II  and  of  III  classes 
aust  be  not  lass  than  tha  height/altitude  of  tha  highest  support. 
EIDFOOTIOTB. 


(10).  The  railroads  of  coaaon/ganeral/total  use.  (11). 

Haight/altitude  of  support.  (12).  Froa  any  part  of  the  support  to  the 
nearest  rail  (Fig.  28).  (13).  Froa  support  to  diaension.  (14).  the 
electrified  railroad.  (15).  unelectrif iad  railroad.  (16).  Highways. 
(17).  Froa  pole  footing  to  container  or  to  roadbed.  (18). 

Cond  uit/aanif olds. 

FOOTNOTE^.  On  the  squeezed  sections  - it  is  not  less  than  1.5m. 
ENDF00TN0TE . 


divergence  to  dead/blind  nail. 

Pig.  27.  Distance  on  horizontal  fron  vires  by  voltage  to  1 kg  daring 
their  greatest  divergence  to  vires  vith  voltage  35  k 7. 


Pig.  28.  Distance  on  horizontal  froa  vires  daring  their  greatest 
divergence  to  railvay  line. 


I 


Smallest  peraissible  sections  of  the  stranded  wires  of  aerial 
lines  in  these  places:  copper  - 25  ns*  and  alaninnn  - 35  ns*. 

Key:  (1).  Is  above  1000  V (an*).  (2).  to  1000  V.  (3>.  Material  of 
wire.  (4).  In  the  populated  locality  and  places  of  intersection.  (5). 
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In  the  populated  locality.  (6).  Branchings  to  entrances.  (7).  class 
(above  35  kT).  (8).  class.  (9).  Binians  single  and  seltistrand  vire. 
(10).  Maxima  single-wire.  (11).  Hiniaaa  sections  (diaaeters).  (12). 


with  flight/spans  to.  (13).  with  flight/s  pans.  (14).  Copper.  (15). 

(15)-  Steel -aluainnn.  (17).  ilaainaa  and  its  alloy.  (18). 
Biaetal. 
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Page  79. 


Table  13. 


l&) 

HanpaaceiuM 

Cooco6  noiBecKH 



PiccTOiiHHe  ne*iy  noise- 

"IflOnOXHHTeXbHbie 

yKIUHNfl 

e 

O'Vi cjobhx  cobmccthoA 
nojuecK*  x*o6meA 
- onope 


(tS 

ripoBoaa  _ BOsayuiHbtx 
jimhhA  h npoaoaa  paaHO- 
TpaHCJiHUHOHHUX  uenefi 

(10) 

ripoBoaa  B03ayuiHux 
xmhhA  1000  a h KaOexH 

CBR3M  M CHrHaXH3aUHH 

^ ^ripoBoaa  Bosay  uihux 
.IHHHA  I H II_KJlaCCOB 


npoBoaa  aomyuiHbix 
.imhiiA  II  H III  KJiaCCOB 


380/220 
360  a 


(//) 

1000  a 


L/<*\ 

110—220  Kt  h 
■1—35  k» 


1 — 35  Ka  h 
0.4  xa 


& 

ripoBoaa  B03ayuiHbix 
jjhhkA  380/220  a pacnoaa- 
raioTcsJ  Has  npoBoaaMH 
paaHOTpaHcaauHOHHux 
ueneA 

»^'ripoBOaa  B03ayuiHhix 
jihhkA  1000  a pacnoaa- 
raioTca  Haa  Kafe.ieM  cbh- 

3H  H CHTHaaH3aUHH 

V' VlpoBoaa  B03ayuiHbix 
jhhhA  6oaee  Bbicoicoro 
HanpaxceHua  pacnoxa 
raioTca  Haa  ueimuH  hh3 
mero  HanptmeHHs 

(xo\ 

To  *e 


( '? ) 

PaccToaHHe  ueiKay  hkxc- 
hhm  npoaoaoM  BoaayuiHbix 
JIHHKA  H BepXHHM  npOBOaOM 
paaMOTpaHcaaiiHOHHoA  uenn 
He  MeHee  1.5  m 

p-^/PaccToaHHe  wexcay  npoBO- 
aaMH  BoaayuiHbix  jihhhA  h 
KaOeaex  cbbsh  h CHrnaaHaa- 
uhh  lie  xeuee  1,5  m 

^VaccToaHHH  Mexcay  uenii- 
mh  BoaayuiHbix  jihhkA  paa- 
hux  HanpxxceHHA  npiiHH- 
MaiOTCa  B COOTBeTCTBHK  C 
Tpe6oBaHHXMH  aaa  'Bosayui* 
Hbix  xhhhA  Soaee  eucoKoro 
HanpaxieiiHH 
~ To  xce 


(*) 

MeTaaaHqecKHe  o6oxomkh 
Ka6ean  aojixchu  Curb  3aaeM- 
xeHbi  He  qauie  qex  nepea 
xaxcaue  250  m 


(*<)  V 

npH  coBMeciHoA  noaseCKe 
npoBoaoB  BosayuiHUx  jihhhA 
II  h III  KJiaccoB  nocaeaHHe 
aoxxchh  BbinoaHflTbCfl  no’ 
pacneTHbiM  ycaoBHBM  aan 
BoaayuiHbix  jihhhA  xxacca  II. 
B CeTRX  C HSOJlHpOBaHHOA 
HeATpaabio  35—0,4  Ka  Haee- 
"eHiioe  HanpxxceHHe  Ha  HeA- 
TpaaK  ceTH  0,4  Ka  lie  aojixc- 
ho  npcBumaTW  npH  Hopwaxb- 
hom  pexcHMe ' paftoTM  6oaee 
10H  (paaHoro  HaopxxceHHfl 
cetH  0.4  Ka 


Key:  (1).  Coilitiou  of  coabiaed  supeuioi  oa  coaaoa/geaeral/total 
support.  (2).  Voltage.  (3).  Method  of  suspension.  (4).  Distance 
between  the  suspended  wires.  (5).  Supplementary  indications.  (6). 
Vires  of  aerial  lines  and  wire  of  broadcasting  circuits.  (7).  V and 
V.  (8)  . The  wires  of  aerial  lines  380/220  V are  arrange/located  above 
the  wires  of  broadcasting  circuits.  (9)  . The  distance  between  the 
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lower  wire  of  aerial  lines  and  overhead  conductor  of  broadcasting 
circuit  is  not  less  than  1.5  n.  (10).  Mires  of  aerial  lines  1000  V 
and  the  coaaunication  cables  and  signaling.  (11).  V.  (12).  The  wires 
of  aerial  lines  1000  V are  arrange/located  above  the  connunication 
cable  and  signalings.  (13).  The  separation  of  aerial  lines  and  the 
connunication  cable  and  signalings  is  not  less  than  1.5  a.  (14). 

Metal  cable  sheathings  nust  be  grounded  not  nore  frequent  than 
through  each  250  n.  (15).  Mires  of  aerial  lines  I and  of  II  classes. 
(16).  kV  and  kV.  (17).  The  wires  of  aerial  lines  of  nore  high  voltage 
are  arrange/located  above  the  circuits  of  low  voltage.  (19).  The 
distances  between  the  circuits  of  aerial  lines  of  different  stresses 
are  accepted  in  accordance  with  reguirenents  for  aerial  lines  of  nore 
high  voltage.  (19) . Mires  of  aerial  lines  II  and  of  III  classes. 

(20).  The  sane.  (21).  Mith  the  conbined  suspension  of  tha  wires  of 
aerial  lines  II  and  of  III  classes,  the  latter  nust  be  nade  through 
design  conditions  for  aerial  lines  of  class  II.  In  grid/networks  with 
insulated  neutral  35-0.4  kf,  the  induced  voltage  on  the  neutral  of 
grid/network  0.4  kV  nust  not  exceed  during  the  nornal  node  of  the 
work  nore  than  lOo/o  of  phase  line  voltage  0.4  kV. 


Page  SO. 


Sires  nust  have  a reserve  of  nechanical  strength  not  less  than  2 
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for  stranded  vires  and  not  less  then  3 for  single-vire.  The  reserve 
of  the  nechanical  strength  of  stubs  and  hooks,  on  which  are  installed 
the  insulators,  nust  be  not  less  than  2.5  nornal  stresses  of  vires 
even  3 with  the  weakened  stress. 

I quantity  of  insulators  on  which  are  asseabled  the  wires,  and 

i 

I 

their  type  nust  be  selected  taking  into  account  the  voltage  of  line, 
character  of  route,  etc. 

I 

■i 

The  aetallic  delays,  utilized  for  the  stability  of  the  wooden 
supports  of  aerial  lines  by  voltage  to  1000  V,  nust  be  or  grounded 
(earth  resistance  not  nore  than  10  ohn) , or  are  isolate/iasula ted 
with  the  aid  of  strain  insulator,  designed  to  the  voltage  of  aerial 
line  and  established/installed  on  height/altitude  is  not  less  than 
2. 5 n of  the  earth/ground. 

Cable  lines. 

i 

By  their  construction  cable  lines  nust  correspond  to  their 
designation/purpose,  operating  conditions  and  to  the  placa  of 
separator. 


L 
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In  the  territory  of  industrial  enterprises*  the  cables  are  laid 
in  trenches*  tunnels  and  block/eodule/units  (Pig.  29). 

i 

aithin  buildings  the  cables  run  thenselves  either  in  channels  or 
it  is  opened  directly  on  constructions  and  walls  of  buildings*  or  in 
the  tubes*  laid  in  sex/floor s*  floors  and  engine  bases. 

The  selection  of  the  nethod  of  cable  laying  depends  an  local 
conditions. 

Separator  in  trenches  is  aost  econoaical*  but  in  then  is 
eabedded  the  snail est  nuaber  of  cables. 

runnels  are  applied  in  cases  when  it  is  reguired  to  lay  in  one 
direction  a large  quantity  of  cables*  which  is  unrealizable  with 
separator  in  trenches  due  to  a large  quantity  of  different  lines  of 
underground  connun ications. 

Separator  in  block/nodule/units  due  to  its  high  cost/walue  is 
applied  in  the  exceptional  cases,  for  ezanple  during  intersections 
with  the  railway  lines  and  other  critical  installations. 

The  cables*  ran  in  the  earth/ground*  aust  be  arnored.  For 
protection  fron  ckenical  effects*  aetallic  to  cable  sheathing  nust 


DOC  * 77233401 


PAGB 


have  proofing,  for  exaaple  the  asphalted  winding  fron  fibrous 
sate  rials. 

In  collector/receptacles,  tunnels,  channels,  is  allov/assuaed 
the  separator  of  unaraoured  cables. 
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Fig.  29.  Cable  laying  in  channels  and  tunnels,  which  do  not  contain 
water  lines,  gas  line  and  other  pipes. 

Page  81. 

The  surface  work  of  unarnoured  cable  in  electrical  locations  and 
production  locations  is  allow/assuned  at  height/altitude  not  less 
than  2 a.  in  the  case  of  the  arrangenent/perautation  of  cable  at  the 
lower  altitude,  is  reguired  the  enclosure/protection  of  cable  by 
tubes,  by  angle  iron  and  so  forth  of  nechanical  daaages. 

In  production  locations  the  cables  aust  be  available  for  a 
repair,  and  is  opened  laid  - for  an  inspection;  they  aust  be  laid  so 
that  iapossible  would  be  the  aechanical  daaages.  The  housings  of  the 
cable  boxes,  end  funnels,  shielding  aetal  cable  sheathings,  araor 
aust  be  grounded. 
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lith  cable  lay  lag  in  prod action  locatiois  above  araor  or  netal 
cable  sheathing  aast  not  be  of  proofings  fron  fuels,  fibrous  and  to 
that  of  sinilar  substances. 

With  the  surface  work  of  outside  buildings,  under  the  open 
nounting  fixtures,  over  the  incoabustible  surfaces  nust  be  applied 
the  cables  with  external  proofing  (usually  froa  polyvinyl  chloride). 

In  locations  vith  agressive  aediua,  Bust  be  applied,  as  a rule, 
cables  in  polychlorovinyl,  lead  and  other  shells  depending  on  the 
character  of  nediun. 

In  locations,  channels,  shaft/nines,  tunnels, 
collector/receptacles  and  so  forth  the  cable  laying  is  allov/assuned 
only  without  external  proofings  fron  coabustible  fibrous  substances 
(asphalted  jute).  To  avoid  the  deconposit ion  of  cables  netal  cable 
sheathings  should  be  cover/coated  with  the  layer  of  bituainous  or 
anticorrosive  conposition. 

Vith  cable  laying  in  channels,  the  sixe/diaensions  of  the  latter 
nust  be  sufficient  in  value  in  order  to  ensure  the  correct  nounting 
of  cables  and  their  nornal  operation  (Fig.  30) . 


Cables  east  be  pecked  by  constructions  in  channels  with  the 
depth  of  the  latter  0.5  a.  Is  allow/assuned  also  their  separator, 
also,  on  the  bottoe  of  channel.  With  separator  on  the  bottoa  of  the 
channel  of  power  cables  by  voltage  it  is  above  1000  V and  control 
cables  the  distance  between  thee  Bust  be  qot  less  than  100  in 
channels  is  allow/assuned  the  separator  of  unaraoured  cables  of  saall 
sections  TRG  and  SBG.  The  charging  of  the  cables,  laid  in  channels, 
by  sand  is  forbidden. 

Cable  dacts  east  overlap  flash  with  sex/floor  with  stripper 
plates  froa  the  incoabastible  Bate rial.  This  overlap  is  Bade  either 
on  an  entire  route  or  depending  on  local  conditions  only  on  the 
individual  sections  where  is  necessary  control/checking,  for  exanple 
in  the  places  of  coupling  or  branch  joints. 
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Pig.  30.  Separator  of  power  cables  in  channel. 


Page  82. 


In  the  latter  case  only  in  control  places  is  arranged  a sufficient 
according  to  size/dinensions  detachable  overlap,  in  order  to  produce 
the  necessary  repair  and  inspection. 

In  the  places  where  is  possible  the  incidence/iapinge nent  of 
nolten  aetal,  liguids  with  the  high  teaperature  or  substances,  the 
destructively  operating  on  aetal  cable  sheathings,  eguipaent/device 
of  cable  ducts  with  detachable  overlaps,  and  also  hatches  in 
collector/receptacles  and  tunnels  are  not  allow/assuued. 


1 

I 
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Cable  laying  in  sex/floor  and  floocs  nost  be  conducted  in 
channels  or  pipes.  . The  seal  in  then  of  cables  tightly  is  not 
allow/ assn aed  (Pig.  31). 

Channels,  tunnels,  col lector /receptacles  are  shields!  fron  the 
penetration  in  then  of  ground  water  by  the  neans  of  drainages, 
location  of  the  channels  higher  than  ground  water;  in 
collector/receptacles  and  tunnels  with  autoaatic  the 
starting/launching  of  drainage  nechanisa  depending  on  water  level. 

Between  the  cables  also  of  various  kinds  by  turbocoaiuctors  it 
is  necessary  to  aaintain/uithstand  the  detoerained  distances;  as  a 
rule,  it  aust  be  aot  less  than  0.5  a,  and  with  petroleun-  and  by  gas 
pipe  - is  not  less  than  1 n.  fith  separator  in  the  earth/ground,  the 
cables,  located  fron  conduit/aanif olds  at  a distance  are  less  than 
0.25  n,  for  all  extent/elongation  of  approach,  they  nust  he  laid  in 
tubes. 


Bith  surface  work  in  production  locations,  the  clearance  between 
power  cables  with  voltage  to  1000  V aust  be  35  an,  aaong  cable 
voltage  are  above  1000  V and  cables  by  voltage  to  1000  V — 250  an; 

aaong  cables  and  different  conduit/aanifolds  - it  is  not  less  than 

0.5  in. 
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Th«  distance  between  suspension  points  of  cable  or  attach  nest  of 
brackets  aust  be  with  horizontal  separator  for  power  cables  not  note 
than  1 a,  for  controls  - it  is  not  nore  than  0.8  a;  with  the  vertical 
run  for  power  cables  - it  is  not  aore  than  2 a,  for  control  cables  - 
are  not  aore  than  1 a (Pig.  32) . 
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Fig.  31.  Separator  of  power  cables  in  set /floor  of  building  in  tubes. 

Fig.  32.  Separator  of  power  cables  on  walls. 


Page  83. 


Radii  of  the  internal  curve  of  the  curvature  of  cables  nust  have 
with  respect  to  the  outside  dianeter  of  the  cables  of  aultiplicity 
not  less: 


E 
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a)  power  single-cable  froa  the  paper  saturated  insulations,  in 
lead  shell,  araored  and  not  araored  - 25; 

b)  power  aultiple  with  iapowerish-saturated  insulation  in  lead 
cowering,  araored  >25; 

c)  the  power  aultiple  and  control  cables  with  paper  saturated 
insulation  in  lead  or  aluainua  shell,  araored  and  not  araored  >15; 


d)  the  power  and  control  india-rubber  cables,  in  lead  or 
polych loro win yl  shell,  araored  > 10,  not  araored  > 6. 


In  the  relation  to  dinensions,  the  collector/receptacles, 
tunnels  and  the  ar range aeat/peraut at ion  in  then  of  cables  oust 
satisfy  the  established/installed  reguireaents. 

For  descent  into  tunnels,  collector/receptacles  long  than  7 a 
coapulsorily  equipaent/dewice  froa  the  opposite  end/leads  of  two 
outputs,  for  which  are  prowided  for  constant,  safe  and  conwenient 
staircases.  The  owerlaps  of  hatches  for  descent  into  draw- in  pits, 
tunnels,  col lector /receptacles  aust  be  flush  with  sez/floor,  they 
aust  not  spontaneously  be  closed.  Tunnels  and  collector/receptacles 
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are  equipped  by  ventilation,  by  general  illumination  by  voltage  not 
above  36  V and  repair  illoeination  12  V. 

In  collector/receptacles  is  allov/assuaed  the  laying  of  cable 
lines  together  to  by  coaaunication  cables,  water,  heat*  and  by  air 
ducts  with  the  observance  of  following  conditions  (Fig.  33): 

a)  with  double-cow  location  on  the  one  hand  of  passage  they  aust 
be  laid  fron  abova  coaaunication  cables,  hearth  by  then  - heating 
sains;  on  the  other  hand  of  passage,  - on  top  power  cables,  below  - 
water  pipes; 

b)  with  single-row  location  aust  on  top  be  laid  power  cables, 
hearth  by  then  - coaaunication  cables,  hearth  by  then  - water  and 
heatiag  an ins; 

c)  power  cables  aust  be  separate/libe rated  from  control 
coaaunication  cables  by  the  horizontal  incoabustible 
partition/baffles. 

The  coabiaed  laying  of  cable  lines  with  gas  pipes  and  the 
conduit/aanifolds,  which  contain  the  easily  ignited  and  flanaable 
liquids,  and  also  with  the  conduit/aanifolds  of  fire-fighting  water 
supply  is  forbidden. 
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2.  Open  transformer  substations. 

The  territory  of  substation  aust  be  protect/surrounded.  The 
height/altitude  of  the  external  enclosure/protect ioa  of  territory 
aust  be  not  less  than  2.5  a.  Furthermore,  openly 

established/installed  transforaers  and  the  open  distributors  in  the 
territories  of  industrial  enterprises  aust  be  additionally 
protect/surrounded  by  the  aeans  of  the  aesh  or  nixed 
enclosure/ protect  ions  not  less  than  2 a in  height. 

II  I 


' 


Page  80. 

Equip  sent /dev ice  of  enclosure/prot action  not  is  coapulsory  for 
the  closed  substations*  arrange/located  in  enclosed  guarded 

■ 

territory*  or  east  (coluan)  substations  (Pig.  30). 

In  the  case  of  the  open  setting  up  of  transforaers  near 
buildings*  are  provided  for  the  enclosure/protections  by  their  on  top 
continuous  flooring  or  durable  neshes  to  avoid  the 
incidence/iapingeaent  of  snow  and  different  object/subjects  with 
purification/cleaning*  the  repair  of  the  roof  of  the  adjacent 

r * 

building  (Pig.  35)  . 

I 


f 
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The  scaliest  permissible  clearances  with  the  rigid  set  of  tires 
between  the  current-carrying  parts  of  the  set  of  tires  of  different 
phases  or  with  respect  to  the  grounded  parts  and  to  the  earth/ground 
are  shown  in  Table  14. 


Pig.  35.  Enclosure/protection  of  transf oraers*  establish/installed  of 
external  wall  of  building. 
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Table  14. 


(t )P*ccTo«HHe  b c»eiy  ot 
TOKOBCAyiUMX  MaCTefl 

4C>)HoMHHaabHbie  HanpaxceNHR  ■ 

1 K$ 

10  h ^H»te 

20 

35 

110 

OAHOft  4>a3U  B CM 

Jlo  TOKOBeayuuix  sacTeft 

20 

30 

40 

^npyrHx  4>aa 

Ro  3a3eMJieHHbix  MacTett 
J^Ml'oCTOBHIIOrO  OrpajKfleHHH. 

20 

30 

40 

— 

fr/napbepa 

100 

100 

100 

175 

(5)ceTKH 

25 

30 

40 

100 

! 


Rotes.  1.  At  flexible  set  of  tires,  baking  into  account 
possibility  of  decrease  of  distances  between  independent  phases  under 
effect  of  wind,  temperature  or  ice-cowered  surface,  they  increase 
then  to  value  of  approach.  So,  with  the  location  of  flexible  set  of 
tires  in  one  horisontal  plane  the  value  of  the  distance  between 
phases,  keeping  in  aind  the  possibility  of  their  approach,  they 
deternine  according  to  fornula 

W+*//7 
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where  is  a distance  between  the  phases  taking  into  account  the 
approach  of  set  of  tires  in  cn;  l - distance  in  the  case  of  riqid  set 
of  tires  in  cs;  k - coefficient  for  copper  and  its  alloys,  equal  to 
7.5;  for  aluninua  and  its  alloys,  equal  to  10;  f is  naxinun 
deflection  in  cn. 

| 

2.  Enclosure/protection  of  current-carrying  parts, 
arrange/located  at  height/altitude  3 a with  voltage  35  kT  and  3.75  n 
with  voltage  110  kf  fros  level  of  planning  of  earth/ground,  is  not 
necessarily. 

Is  forbidden  the  wiring  of  overhead  conductors  of  lighting 
lines,  lines  of  conaunication/connection  and  signaling  above  the 
current-carrying  parts  of  the  open  distributor  and  hearth  by  then. 

Key:  (1).  Clearance  fros  the  current-carrying  parts  of  one  phase  in 
ca.  (2).  loainal  voltages  in  kT.  (3).  and  it  is  below.  (4).  to  the 
current-carrying  parts  of  other  phases.  (5).  to  the  grounded  parts. 
(6).  Before  constant  enclosure/protection.  (7).  barrier.  (8).  aesh. 


! 

■ 
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3.  Closed  traasforner  substations  and  distributors  by  voltage  are 
above  1000  V. 


Beguireneats  for  location. 


The  locations  of  substation  and  distributors  aust  be  unavailable 
for  extraneous  persons,  for  this  purpose  serve  the 
enclosure/ protect ions  of  territories  and  eguipnent /device  of  the 
proper  locks.  If  substation  is  found  on  the  territory  of  the  guarded 
enterprise  that  of  the  special  enclosure/protection  of  substation  it 
is  not  required. 

Buildings  and  the  locations  of  closed  substations  and 
distributors  aust  satisfy  fire-fighting  sores  both  in  the  relation  to 
equipaent/device  itself  and  in  the  relation  to  fire-fighting 
disruptions. 


Substations  and  distributors  can  be  decent  to  buildings  eith  the 
inconbusti ble  vails,  and  are  also  built  in  inside  the  fundasental  and 
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auxiliary  locations  of  product  ions,  which  relate  to  categories  G and 
D according  to  the  operating  f ire-fighting  norns  of  the  construction 
design  of  industrial  enterprises  and  populated  places. 

It  is  forbidden  to  arrange  substation  and  distributors  under 
locations  with  wet  technological  processes,  under  shower* baths,  by 
restroons,  baths,  near  the  locations,  intended  for  people's  aass 
assenblies. 

The  locations  of  substntions  and  distributers  aust  be  separated 
fron  official  and  other  locations  by  walls  and  owerlaps. 

Distributors  (Pig.  36)  with  voltage  1000  ¥ and  above  nust  be 
arrange/located  in  separate  locations;  their  arrangenent/pernutation 
in  connon/general/total  location  is  allow/assuned  if  substation  and 
distributors  are  operated  by  one  organization  and  are 
service/aai stained  by  personnel,  allowed  to  works  in  settings  up  by 
the  voltage  above  1000  T and  having  the  appropriate  qualification. 

Intrashop  substations  can  be  placed  in  the  fundanental  and 
auxiliary  locations  of  the  productions  which  are  related  to 
categories  G and  D.  Level  weeding  substations  it  aust  be  identical, 
it  is  not  lower  than  the  level  of  the  sex/floor  of  shop  (with 
step-by-step  gradient  to  the  side  of  the  oil  soap  pits). 
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Pig.  36.  Distributors  by  voltage  to  1000  T ars  above  1000  f. 


P«y:  (1).  Plan/layout. 


Page  89. 


Viadovs  are  allow/assuaed  only  in  distributors,  which  are  found 
oo  the  protected/s urrouaded  or  guarded  territories.  All  windows  of 
ibe  first  landing  aust  be  shielded  by  wire  gauze. 


fguip  sent /dev  ice  of  windows  in  intrashop  substations  and  in  the 
locations  of  distributors  is  forbidden. 


Output  fros  the  locations  of  substations  and  distributors  is 
allow/assuned  only  into  the  locations  whose  productions  are  related 
to  categories  G and  D. 


The  width  of  passages  about  the  walls  of  the  intrashop 
substations  of  those  having  doors  or  vent  holders,  oust  be  not  less 
than  1 a. 

In  the  locations  where  is  located  eguipaent  under  voltage,  doors 
aust  be  open /disclosed  outside  or  into  other  locations;  doors  are 
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supplied  with  the  locks,  which  are  open/disclosed  froa  within  without 
key/wrench.  Anon?  the  locations,  which  contain  equipnent  ander 
voltage  it  is  above  1000  V,  doors  they  aust  be  open/disclosed  to  both 
sides.  When,  indoor,  the  oil~filled  equipnent  of  door  is  present, 
they  sake  incoabus tibia  or  poorly  coabusted. 

At  the  length  of  distributive  device  aore  than  7 a there  are 
placed  not  less  than  two  outputs  on  the  end/leads  of  the  location  of 
distributor.  Equip  sent /device  of  thresholds  in  doors  is  forbidden. 

In  distributors  with  tank  switches,  the  explosive  corridors  are 
equipped  by  outputs  outside  or  to  staircase. 

For  the  prevention  of  the  possibility  of  the  penetration  of 
ground  water  into  distributors  and  a substation,  into  tunnels, 
baseaents,  the  cable  ducts  so  forth  aust  be  accepted  the 
corresponding  aeasures.  So  that  water  would  not  fall  on 
input/introduction  and  the  insulators  of  the  roof  above  substations 
and  distributors  are  equipped  by  drain  grooves  and  tubes. 

Diaensioas  of  location  oust  correspond  to  the  diaensions  of  the 
adjustable  equipnent  taking  into  account  the  necessary  passages, 
service  platforas,  the  staircases,  which  ensure  safe  operation  and 
the  safe  production  of  repair-asseabling  works  under  aornal  and 
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eaergency  conditions. 

Calls  and  the  ceilings  of  locations  nnst  be  those  who  were 
becoae  white;  the  panels  of  the  chaabers  of  snitches  fcon  the 
corridor  gf  control  oust  be  painted  in  light  tones,  and  doors  and 
window  fraaes,  aetal  constructions  are  cowered  with  oil  paint. 

Locations  aust  be  dry.  In  locations  with  constant  attendant 
personnel,  nnst  bn  supported  noraal  teaperature  (not  below  *16°C). 

For  the  safe  execution  of  operations  according  to  control  and 
obserwatioa  of  readings  and  the  action  of  instruaents,  aust  be  well 
illuainated  the  distributors  and  panels,  and  also  passages  fcon  rear 
side  for  their  aaintenance,  separate  work  sites  and  area/sites. 

Page  90. 

It  is  necessary,  in  order  to  the  walue  of  the  illnaination  of 
the  locations  of  substations  and  distributors  satisfied  the  operating 
aoras  of  artificial  illuaination. 

The  safety  of  the  aaintenance  of  lighting  plants  in  the 
locations  of  substations  and  distributors  is  achiewed  by  the 
sufficiently  renowed  arrangeaent/per nutation  of  illuaiaatiag  laaps 


1000  V,  for  exaapie  by  the  application/two  of  wall  light  fixtures  and 
by  the  possibility  of  the  discoanection/cutoff  of  the  half  of 
illuainating  laaps  froa  under  voltages.  During  the  use  of 
illuainatiag  laaps  of  suspeasion  construction  of  the  type  "Lyucette", 
"Opal  spheres",  etc.  aust  be  provided  supplementary  safeguards  for 
the  exchange  of  tubes  and  cleanup  of  arnabure  without  stress 
relieving  froa  setting  up,  for  exaaple  the  use  of  special  staircases 
with  the  protected/surrounded  area/site. 

Substations  and  distributors  oust  have  telephone  coaa unication. 

Transforaer  locations  aust  be  shielded  froa  the 
incidence/iapingeaent  of  snow  and  rain,  the  doors  of  all  transforaer 
locations  aust  be  incoabuatible  or  those  who  are  poorly  coabusted  and 
be  open/disclosed  outside  or  into  another  location.  The  doors  of 
transforaer  locations  aust  be  closed  to  lock. 

Os  walls  transforaer  indoors  and  on  the  jacket  of  transforaer 
aust  be  the  clear  labels,  which  indicate  the  reference  nuaber  of 
transforaer,  the  power  and  the  voltage;  on  doors  is  indicated  only 
reference  nuaber;  on  the  tanks  of  single-phases  transforaer,  is  given 
the  coloring  with  respect  to  the  phases:  A is  yellow,  b - green,  c - 
red. 


4 


V 
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On  the  doors  of  transforaer  locations,  aust  be  solidly  fastened 
the  poster  "voltage  - it  is  dangerous  for  a life"  or  "under  voltage, 
it  is  dangerous  for  a life"  f. 

Transformers  aust  be  installed  in  the  chanber  by  the  conclusions 
of  high  voltage  to  the  wall,  opposite  to  input  door,  or  by 
conclusions  to  one  of  the  lateral  walls.  In  this  case,  aust  be 
observed  the  following  distances: 

- at  the  power  of  transforaer  to  100  kfi  - it  is  not  less  than 
0. 3 n to  walls  and  not  less  than  0.8  a to  input  door; 

- at  the  power  of  transformers  of  note  than  100  kTA  to  1000  kVA 
with  respect  to  0.6  and  0.8  n,  also,  at  the  power  of  transforners  of 
sore  than  1000  kTA  -In  up  to  walls  even  1.5  a up  to  input  door. 


The  transforaer  chanbers  aust  have  the  natural  ventilation, 
which  ensures  the  nornal  teaperature  conditions  of  transforaer. 
Soaetiaes  is  allow/assuaed  the  eguipaent/device  of  aechaaical 
ventilation. 


On  the  expander  of  transforaer,  aust  be  establish/installed  oil 
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■•ter  glass.  Oa  the  tank  of  expander,  aust  be  plotted/applied  three 
reference  narks,  which  correspond  to  oil  level  at  tenperatares  of 
-35,  »15,  OS^C. 


Page  91. 


Fittings  and  switches  in  the  chanbers  of  transfocaers  nost  be 
installed  directly  before  the  barrier,  farther  possible  f r on  the  side 
of  higher  voltage  of  transformer  and  at  available  height/altitude  for 
the  replaceaeat  of  tabes  without  the  ase  of  staircases.  The  setting 
up  of  the  fittings  above  the  input  door  is  forbidden. 

Distributors.  In  the  places  of  the  passage  of  cables,  the 
openings  in  floors  and  partition/baffles  aust  be  closed  and  are 
consolidated  by  the  incombustible  materials.  All  external 
opening/apertures  are  installed  or  are  closed  by  louver  or  aeshes. 

Cable  ducts  in  distributors  nust  overlap  into  level  with  hollow 
of  location  with  the  stripper  plates,  nade  from  the  natal,  the 
reinforced  concrete  and  other  incombustible  naterials. 

The  nxplosivn  corridors,  and  also  the  corridors  of  the 
■ainteaance  of  the  chanbers,  which  contain  the  electrical  eguipaeat, 
oil-filled  or  conpound,  during  substations  with  constant  attendant 
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personnel  last  be  equipped  with  the  esergency  • ska ust  ventilation, 
included  froa  without  aod  the  not  conaected  vitk  other  ventilation 
installations  substation  or  shops. 


I I 

The  drives  of  switches,  which  allow/ assn ae  aaaual  control,  for 
the  preservation  of  personnel,  which  operates  siailar  switches,  aust 
be  separated  froa  switches  by  shielding  wall  or  netallic  panel. 


For  the  prevention  of  incorrect  operation  by  disconnectors  under 
load  all  disconnectors  aust  be  blocked  with  the  appropriate  switches. 


Vith  single-pole  disconnectors  the  blocking  aust  be 
realixe/accoaplished  between  switch  and  the  enclosure/protections  of 
disconnectors.  The  drives  of  disconnectots  aust  have  a device  for  a 
closing  to  lock. 


Auxiliary  contacts  on  the  shaft  of  switches  and  disconnectors 
aust  be  establish/ installed  in  the  places,  available  for  the  safe 
inspection  without  the  disconnection/cutoff  of  eguipaent. 


The  busbars  )f  distributing  eguipaent/devices  aust  have 
coloration,  provided  for  by  GOST:  phase  A is  yellow,  phase  B - green 
and  phase  C is  red. 


i 

' 
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Hasoiry  panels  or  the  doors  of  the  chasbers  and  electrical 
equipseat  of  distribetors  east  be  equipped  by  the  clear  labels,  which 
indicate  the  designation/pnrpose  of  connection. 

Porthersore,  indoor  of  distributor  on  the  appropriate  places 
aust  be  hung  out  the  posters  on  safety  engineering  according  to  the 
requiresents  for  the  rules  of  use  and  testing  protective  agents,  used 
in  electrical  installations,  and  also  the  rules  of  rendering  of  first 
aid  during  danage/defeats  by  electric  current  aad  accordingly  to  the 
diagrans  of  installations  thesselves. 

Page  92. 


In  the  chanbers  of  distributors,  and  also  in  other  places  (in 
transforner  chanbers)  , where  can  arise  the  need  for  shorting  and 
grounding  of  current-carrying  parts  for  the  safe  production  on  then 
of  the  repair  or  other  works,  nust  be  prepared  the  cleaned  and  tinned 
contact  surfaces  for  the  isposition  of  aovable  shielding  groundings. 


The  araature  of  electrical  illusination  aust  be 
establish/installed  so  that  would  be  guaranteed  its  safe  aaintenance 
(exchange  of  tubes,  dusting  and  so  forth)  . 
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Requirements  for  electrical  safety. 


The  Intersection  of  the  chanbers  of  traasforsers  and  equipment 
by  cables  and  the  vires,  ehich  relate  to  extraneous  electrical 
circuits,  is  forbidden. 

In  distributors  it  is  necessary  to  ensure  the  possibility  of  the 
safe  and  visible  disconnecting  of  the  apparatuses  of  each  circuit 
fron  bhe  collecting  nains  and  fron  other  electric  pover  sources. 


Disconnectors  nust  have  blockings  vibh  the  appropriate  switches, 
establish/installed  in  the  sane  circuit,  independent  of  their 
location  - in  one  or  different  locations. 

Hear  the  equipnent  of  distributor  and  substation,  on  the  panels 
of  the  chanbers  of  switches,  the  transforners  of  power,  lighting, 
voltage  transforners,  on  doors  fron  external  and  inside  upon  the 
input  into  the  chsnbers,  which  contain  switches,  transforners,  etc.  - 
it  is  necessary  to  aake  the  durable  and  clear  labels,  which  indicate 
designation  and  the  designation/purpose  of  separate  feeders, 
switches,  transforners. 
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"included"  and  "it  is  disconnected".  Besides  labels,  expedient  to 
apply  conditional  coloration  in  the  drives  of  switches  for  a position 
"it  is  included". 

For  the  light/lung  discrimination  of  the  parts,  which  relate  to 
of  different  kind  to  currents  and  voltages,  is  provided  for 
distinctive  coloration.  Set  of  tires  during  substations  and  in 
distributors  is  painted  in  color,  accepted  according  to  the  Cost. 

i 

, t 

Besides  designation  for  the  designation  of  the  position  of 
switch  ("  it  is  included"  or  "is  disconnected"),  switches  are 
supplied  with  signaling  egnipaent/ devices  in  the  fora  of  the  red  and 
green  lights,  adjustable  on  the  panels  of  cells  froa  the  aaintenance 
of  switches. 

In  this  case,  oust  uniforaly  be  applied  priaary  colors:  for  a 
position  "it  is  included"  - red  color  (lights  up  red  light)  and  for  a 
position  "disconnected"  - green  color  (is  fired  the  green  light). 

In  all  sites  of  installation,  where  subsequently  in  repair  work 
can  be  raguired  the  inposition  of  tiae/teaporary  groundings,  contact 
surfaces  on  current-carrying  parts  they  nake  those  who  were  cleaned 
and  tinned;  on  tha  stationary  grounding  equip Bent/devices  are 
establish/installed  special  ter ainal/g rippers  in  the  fora  of  wing  nut 
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or  bolt  for  the  connection  to  then  of  aovable  groundings. 

Page  93. 

The  bare  current-carrying  parts  are  shielded  froa  the  randoa 
touch  by  their  arrangeaent/per natation  ia  the  chaabers, 
protec t/surrounded  properly,  in  such  a case,  shea  current-carrying 
parts  are  arrange/located  at  height/altitude  froa  floor  level:  less 
than  2. 5 a with  voltage  to  10  kV  inclusively,  it  is  less  than  2.75  a 
with  voltage  froa  10  to  35  kV  even  3.5  a with  voltage  110  kV. 

The  oil  breakers  in  the  explosive  and  open  chaabers  are 
arrange/located  so  as  in  the  absence  of  voltage  on  parts,  which  are 
located  in  the  chanber,  to  ensure  convenient  adnission  for  all 
necessary  works  on  repair  and  the  revisions  of  the  oil  breaker  and 
other  equipaent  conponents. 

Furtheraore,  aust  be  convenient  adnission  to  the  oil  breakers 
both  in  the  absence  and  in  the  presence  of  the  voltage  in  the  chaaber 
- for  observation  of  oil-level  gauge,  after  the  aechanical  and  light 
position  indicators  of  the  oil  breaker,  its  drive,  sets  of  tires,  and 
also  all  other  equipaent  conponents,  arrange/located  in  the  chaaber. 


The  open  chaabers  are  equipped  by  the  aesh  or  aixed 
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enclosure/protections  not  loss  than  1.7  n in  height  the 
size/diaension  of  sieve  aesh  not  nore  than  2x2  cn. 
Enclosure/protections  have  devices  for  their  closing. 

Sonet ines  the  nesh  and  nixed  enclosure/protections  of  the 
chaabers  of  the  oil  and  other  switches  whose  housings  noraally  are 
located  under  voltage,  it  is  expedient  to  eguip  with  the  blocking, 
which  blocks  the  input  into  the  chanbers  until  is  conpletely  reaoved 
voltage. 

During  all  eaclosure/protections  east  be  solidly  fastened  the 
posters,  that  warn  about  the  danger  of  touch  to  current-carrying 
parts,  for  exanple:  "under  voltage  - it  is  dangerous  for  a life", 
etc. 


Barriers  cannot  be  considered  enclosere/protectioa  for 
current-carrying  parts;  therefore  they  are  utilized  only  as 
suppleaaatary  aeaas  of  enclosure/protection  froa 
approach/a pproxiaat ion  to  electrical  equipaent  when  it  is  not 
reguired  to  perfora  any  operations  with  equipaent  or  to  take  reading 
of  instraaents.  If  current-carrying  parts  in  the  chaabers  are 
arrange/located  below  2.5  a of  the  level  of  the  sex/floor  and  chaaber 
have  continaoas  eaclosure/protections  or  doors,  then  within  the 
chaaber  directly  behind  input  door  is  establish/installed  the  wooden 
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barrier  with  a height/altitude  of  1.2  a.  Barriers  are  utilised  also 
before  the  assemblies  by  the  voltage  above  1000  V in  electrical 
locations. 

t 

The  dimensions  of  electrical  safety  (in  ca)  - the  distance 
between  current-carrying  parts,  current-carrying  parts  and 
enclosure/protections,  the  constructions  of  buildings  aest  be  not 
less  indicated  in  Table  15. 

The  current-carrying  parts,  arrange/ located  above  passages,  it 
is  possible  not  to  guard,  if  their  height /altitude  above  the 
sex/floor  in  installations  by  the  voltage  to  10  kf  coaposes  not  less 
than  2.5  a,  also,  in  installations  by  the  voltage  froa  10  to  35  kf 
inclusively  - 2.75  a and  with  110  kf  - 3.5  a. 

Page  94. 

In  the  production  of  works  in  distributors,  are 
establish/installed  tiae/teaporary  enclosure/protections,  aoreover 
distances  froa  current-carrying  parts  to  enclosure/protections  must 
be  following:  in  installations  by  the  voltage  to  66  kf  inclusively  - 
not  less  than  35  ca,  in  installations  by  voltage  froa  10  to  35  kf 
inclusively  - are  not  less  than  60  ca  and  in  installations  by  the 
voltage  110  kf  - ISO  ca. 
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Cubic  switchboards  and  substations. 

Tha  locations  of  the  distributors  and  corridors  of  aaintenaace 
aust  base  passages,  sufficient  on  sidth  and  height/altitnde.  It  is 
not  possible  to  encumber  passages  by  different  object/sub jects  in 
order  not  to  create  the  interferences  daring  naintenance  and  repair 
of  distributors. 

In  the  case  of  the  absence  in  the  corridor  of  the  naintenance  of 
the  drives  of  switches,  disconnectors,  the  width  of  passages  daring 
the  one-sided  arrangement/ per natation  of  equipaent  aust  be  not  less 
than  1 a,  and  during  the  two-way  arrangeaent/perantation  of 
equipment,  - it  is  not  less  than  1.2  a. 

When  there  is  present  in  the  corridor  the  naintenance  of  the 
drives  of  switches  and  disconnectors  with  one-sided  arrangeaent  of 
equipaent  the  width  of  passages  aust  be  not  less  than  1.5  a,  daring 
the  two-way  arrangeaent/perautation  of  equipaent,  - it  is  not  leas 
than  2 a. 


DOC  » 77233402 


PAG* 


Table 


K«y:  ( 


15. 
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TOKOBeaymiiMH  qacTHMH  h 3a3enaen- 
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13 
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21 

32 

75 
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20 
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28 

39 

82 

(7)6apbepaMH 

50 

50 

50 

70 

80 

— 

(S)PaccTOHHMR  Meway  "TOKOBeaymiiMH 

qaCTRMH,  pacnoaoateHHbiMH  Haa  6apbe- 
paMH  H BepTMKaabHOA  (MOCKOCTblO, 
nepeceKaiomefi  (Sapbep,  npw  pacnoao- 
xcchhh  TOKOBGayuiHX  qaCTeA  Haa  ftapbe- 
pauH  Ha  Bucore  ot  1.2  ao  1.7  m 

50 

50 

50 

70 

* 

80 

150 

(9>To  ace  Ha  aucoie  Haa  6apbepaxH 

OT  1.7  ao  2,3  m 

17.5 

20 

22,5 

28 

39 

82 

1)  . Dimensions.  (2).  Voltage  in  kT. 


(3).  Distances  between  the 
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current-carrying  parts  of  different  phases,  and  also  between 
current-carrying  parts  and  the  grounded  constructions  and  the  parts 
of  buildings.  (4).  Distances  between  current-carrying  pacts  and 
protections:  (S).  continuous.  (6).  nesh.  (7).  barriers.  (8). 

Distances  between  the  current-carrying  parts,  arrange/located  above 
barriers  and  the  vertical  plane,  which  intersects  bartier,  with  the 
location  of  the  current-carrying  parts  above  barriers  at 
height/altitude  fron  1.2  to  1.7  a.  (9).  The  sane  at  the 
height/altitude  above  barriers  froa  1.7  to  2.3  a. 

Page  95. 

Cubic  switchboards  (KBU)  (Pig.  37  and  38)  and  ganged  traasforner 
substations  (KTP)  can  be  establish/installed  in  separate  locations 
with  the  production  of  categories  G and  D.  Cubic  switchboards  with 
tank  switches  are  establish/installed  in  production  locations  on  the 
condition  that  the  nunber  of  switches  will  be  not  aore  than  two  and  a 
quantity  of  oil  in  each  of  then  - is  not  aore  than  60  kg. 

All  current-carrying  parts  KBO  and  KTP,  adjustable  in  the 
locations  into  which  they  have  an  adaission  of  people,  pasts  of 
instruction,  are  closed  by  continuous  coatings  froa  the  inconbustible 
naterial  and  are  placed  on  those  who  were  protect/surrounded  by 
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■ashes  the  sections  of  location.  During  the  installation  of  KID  and 
KTP  in  danp/crude  and  dusty  locations  with  adverse  aediua,  their 
jackets  eust  have  packing/seals  against  the  effect  of  the 
environneat. 

II 

Oltinate  capacity  of  KTP  with  tank  transforaers  - is  not  nore 
than  750  kfi. 

In  the  locations,  operated  by  the  tap/cranes,  the  telphers  and 
°*k®r  lift  trucks,  KRO  and  KTP  are  placed  by  such  shape,  in  order  to 
after  being  excluded  the  possibility  of  their  daaage  in  the  work  of 
lift  conveying  appliances. 


w 
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Fig.  37.  Cubic  switchboard  6-10  kV  with  switch  7BG-133  of  plant 


"•loctrical  skiald". 
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Battery  installations. 


The  requirements,  imposed  on  equipaent/device  of  battery 
installations,  are  propagated  to  acid  and  alkaline  batteries  and 
consist  in  the  following. 

Stationary  storage  batteries  aust  be  establish/installed  in  the 
specially  intended  for  then  locations  with  the  input  within  the  reel. 
Batteries  by  voltage  24-28  V can  be  establish/installed  in  the 
ventilation  cabinets. 

The  arraageaent/perautation  of  acid  and  alkaline  batteries  in 
one  location  is  forbidden. 

walls,  the  ceiling,  the  doors  and  the  sashes,  the 
ventilation  dacts,  the  netal  constructions,  the  shelves  and  other 
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parts  of  the  locations*  which  contain  acid  storage 
battery/accuaulators,  periodically  one  should  paint  with 
acid-resistant  paint;  ventilation  dncts  (air  ducts)  aust  be  painted 
both  froa  external  and  froa  inside.  Treat  sent /working  by  the 
acid-resistant  paint  of  the  locations  of  the  alkaline  batteries  is 
not  regnired.  Shelves  are  painted  with  bituainous  paint. 


Pig.  31.  The  cebic  switchboard  of  the  plant  HP  with  a switch  of  the 

type  VMG-133. 


r i 
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The  locations  of  storage  batteries  aust  be  equipped  with  suction 
aad  exhaust  ventilation  separately  for  acid  and  alkaline  batteries 
with  the  suction  of  gas  froa  the  upper  and  lover  parts  of  the 
location.  The  conclusion  of  air  ducts  into  chianeys  and 
coaaon/general/total  ventilation  systea  is  forbidden.  The  locations 
in  vhich  are  located  the  aovable  storage  battery/accunulators, 
working  only  in  the  aode/conditions  of  discharge,  by  special 
ventilation  they  are  not  equipped. 

The  heating  of  battery  location  aust  be  aade  with  the  aid  of  the 
calorific  equipaent/device,  arrange/located  battery  outdoors  and 
feeding  vara  air  into  air  duct.  Is  allov/assuaed  equipaent/device  of 
steaa  or  hot-water  heating  battery  indoors  in  the  fora  of 
on *- piece/entire  wrought  pipes  without  collars  and  cores. 

lith  furnace  heating  the  furnace  and  furnace  openiag/apertures 


aust  be  located  battery  outdoors,  but  eaerging  and  battery  location 
the  waraiag  side  of  furnace  aust  be  shielded  as  aetal  casing  and  not 
have  vents.  Installation  in  the  battery  location  of  electrical 
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circuits  is  forbidden. 

The  teeperature  in  battery  location  nust  be  not  below  *10°C. 

For  windows  in  battery  location*  nust  be  applied  the  frosted 
glasses*  cowered  with  white  paint;  for  illunipation  - illuninating 
lanps  of  explosion  proof  construction.  Switches*  plug  rockets  and 
safety  device/fuses  east  be  establish/ias tailed  battery  outdoors. 
Electric  wiring  is  nade  by  wire  in  acid-resistant  and 
alkali-resistant  shells. 

On  the  doors  of  battery  location*  oust  be  the  labels:  "battery 
roon"*  inf leasable"*  " When  lit  de  not  enter"*  "Do  not  saoke". 

The  doors  of  battery  location  nust  have  the  self-locking  lock* 
which  is  freely  triggered  frow  inside  without  key/wrench.  Location 
sust  be  constantly  closed. 

To  accept  food  and  to  saoke  in  battery  roon  is  forbidden. 


4.  Distributors  and  panels  by  voltage  to  1000  V 
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Distributors  can  be  in  the  forn  of  the  panels  (Fig.  3 9)  or  of 
the  celluLar  type  or  is  the  forn  of  the  asseablies,  comprised  of  the 
control  boxes  (Fig.  40)  , or  assesblies  of  panels  in  cabinets  ^Lg. 

41),  prepared  fros  the  incoabustible  and  poorly  conbustible 
aaterials.  The  coastraction  of  distributors  oust  correspond  to  its 
designation/purpose,  site  of  installation  to  environaental  conditions 
and  operation. 

The  noapolished  surfaces  of  aarble,  slate  and  other  insulation, 
utilized  for  the  panels  of  distributors,  by  the  appropriate  aethods 
are  shielded  froa  the  penetration  in  thea  of  aoisture. 

Page  98. 

The  distributors,  adjustable  outside  electrical  locations,  aust 
be  shielded  froa  randoa  touch  to  current-carrying  parts  or  the 
iacidence/iapingeaent  on  thea  of  foreign  objects,  aoisture  and  dust. 
This  protection  is  realize/accoaplished  by  aeans  of  the  locking 
cabinets  and  jackets  froa  the  incoabustible  aaterial.  In  production 
locations,  at  least  and  on  the  protected/surrounded  sections,  the 
setting  up  of  distributors  aith  the  unprotected  current-carrying 
parts  is  not  allov/assuaed. 

In  locations  without  the  increased  danger,  can  be 
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establish/installed  on  height/altitude  aore  than  2. 5 a tha  panels 
without  protective  housings  on  the  condition  that  the  location  of 
panels  excludes  the  possibility  of  randoa  to  then  touch  and 
incidence/iapingeaent  on  then  of  any  ob ject/sub jects. 


The  distributing  frames,  eguipaent /devices  and  their  separate 
cabinets  aust  be  equipped  by  the  easily  read  labels,  which  explain 
the  desigaation/purpose  of  the  connected  wires  and  cables  with  the 
ralating  to  then  switches,  safety  device/fuses  by  aeasuring  aeters; 
aust  be  shown  also  the  section  of  wires  and  cables  and  the  rated 
current  of  safety  device/fuses. 


37. 
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Pig-  39-  The  distributing  fraaes. 

Key:  (1).  Under  voltage!. 


Page  99. 

Such  labels  are  aade  both  froa  the  control  and  within  separate 
chaaber  panels. 

Safety  device/fuses,  the  switches  and  all  instruaents,  intended 
for  the  interruption  of  current,  aust  be  easily  attainable  for 
nainteaance  and  at  the  sane  tine  are  a rra age/1 oca ted  so  that  would  be 
eliaiaiated  the  danger  of  the  elect rotraua as  of  the  service  personnel, 
and  also  the  possibility  of  inflaaaation  or  daaage  of  the  surrounding 
object/subjects  either  of  the  part  of  tl»e  distributor  and  onset  of 
short  circuit  or  closing/shorting  to  the  earth. 

The  knife  switches,  adjustable  on  the  face  of  anelboards,  and 
also  on  panels,  aust  be  shielded  by  jackets  froa  the  inconbustible  or 
poorly  coabnstible  naterial  without  slots  for  displacing  the  handle 
(Pig.  42)  or  applied  knife  switches  with  lever  control  (Pig.  43). 


Setting  up  on  the  face  of  the  distributing  fraaes  of  knife 
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switches  and  safefcy  device/fuses  with  the  unprotected 
current-carrying  parts  is  forbidden. 


Fig.  40.  Distributor  by  voltage  to  1000  V,  con prised  of  tho  control 
boxes. 

Key:  (l)  Distributor. 


mmm 
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On  the  face  of  the  open  panels  of  the  distributing  franes,  it  is 
possible  to  establish/install  only  protected  cutouts  (Pig.  44). 
Tubular  type  safety  device/fuses  nust  be  establish/iastalled  froa  the 
back  of  panels.  The  setting  up  of  tubular  safety  device/fuses  on  face 
is  allow/assuaed  under  the  condition  of  the  arrangeaeat/peraatation 
of  the  panel  itself  in  the  locking  cabinet  (Pig.  45). 

The  control  boxes,  adjustable  outside  electrical  locations,  are 
supplied  with  blocking  between  the  door  and  the  knife  switch. 

Knife  switchas,  autoaatic  air  circuit  breakers  and  disconnectors 
are  establish/installed  on  the  distributing  fraaes  and  in  the  control 
boxes  in  such  a way  that  in  the  extended  state  their  aoviag  eleaents 
could  not  render/show  under  voltage.  Exception  are:  knife  switches, 
autoaatic  switches  and  disconnectors  in  in  parallel  working  circuits; 
the  knife  switches,  which  feed  panel  and  adjustable  on  one  panel  in  a 
series  with  the  knife  switches  of  the  outgoing  feeders  and  also  the 
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knives  of  switches. 

Is  one  and  the  saae  setting  up  the  notion  of  handles,  handwheels 
and  drives  of  the  including  apparatuses  aust  be  conducted  as  far  as 
possible  in  just  one  direction. 

The  setting  up  of  stopper  safety  device/fuses  is  conducted  so 
that  with  the  renoved  plugs  the  screw  sockets  of  safety  device/fuses 
could  not  render/show  under  voltage.  Safety  device/fuses  are 

| * 

establish/installed  after  switches,  counting  on  feeding  stroke  of 
energy,  so  that  the  exchange  of  the  fuse  links  could  be  conducted  by 
the  renoved  voltage. 

’ 

The  arrangenent/pernutation  switchgear  (switches  of  safety 
device/fuses)  aust  provide  the  possibility  of  the  safe  production  of 
repair  on  separate  circuits  (on  the  separate  cables  of  distributors) . 

The  snallest  distances  between  by  notionlessly  fastened  the 
locating  under  voltage,  bare  parts  of  different  polarity,  and  also 
anong  then  and  the  uninsulated  aetallic  parts  of  distributors  or  the 
parts  of  buildings  nust  be  not  less  than  30  na  over  the  surface  of 
insulation  and  not  less  than  15  an  by  air. 


Pig.  41.  C ob non/genera 1/total  netal  cabinet  with  eguipaent  for 
electrical  power  distribution. 


Key:  (1).  Detachable. 

Page  101. 

Except ion/eliainat ion  is  allow/ass used  for  the  lighting  panels  where 
these  distances  can  be  respectively  decreased  to  20  and  10 
Distances  indicated  above  snallest  pernissible  of  the  surface  of 
insulation  can  be  accepted  only  under  the  condition  of  applying  of 
guards  and  cabinets  of  such  construction  which  reliably  shields  the 
insulating  parts  fron  contanination. 

One  should  avoid  the  intersections  of  current-carrying  parts. 
Current-carrying  parts  nust  be  reliably  insulated  in  the  points  of 
intersection  or  driven  out  fron  each  other  up  tp  distance  not  less 
than  15  nn  and  to  fasten  in  such  a way  that  their  approach  it  would 
be  inpossible.  Intersections  one  should  nake  the  hearth  of  angles 


90® 


rig.  03.  Knife  switch  with  lever  control. 

Page  102. 

Quality  and  the  thickness  of  the  layer  of  insulation  east  be 
located  in  accordance  with  the  noninal  voltage  of  setting  up. 

| 

I 

Signal  leaps  east  be  available  for  their  replaceeent  froa  the 
face  of  distributors. 
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For  the  eeinteeance  of  the  distributing  f rases  and 
eg uipaent/de vices  froa  their  face  and  backs  are  nade  the  passages  or 
the  area/site*,  which  ensure  convenient  control  and  observation  of 
the  readings  and  signaling  tubes. 

The  snallest  pernissible  in  world/light  width  of  passage  is  0.8 
n at  height  of  passage  not  less  than  1.9  n. 

In  passages  it  is  not  pernitted  to  place  the  object/subjects, 
which  trouble  the  freedon  of  notions  during  aaiatenance  or  in  repair 
work. 


Distance  between  the  unprotected  bare  current-carry ing  parts, 
arrange/located  at  height/altitude  is  less  than  2.2  n along  one  side 
of  passage,  and  by  opposite  wall  either  the  eguipaent,  which  does  not 
have  or  as  the  eguipaent,  which  does  not  have  the  unprotected 
current-carrying  parts,  nust  be  with  voltage  to  500  V not  less  than 
1 n,  but  with  voltage  500  V it  is  above  - it  is  not  less  than  1.5  n. 


<6 


uses  in  cabinet. 
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The  distance  between  the  unprotected  current-carrying  parts* 
arrange/located  at  height/altitude  is  less  than  2.2  n*  froa  both 
sides  of  passage*  is  establish/installed  following:  with  voltage  to 
500  y - not  less  than  1.5  a*  with  voltage  it  is  above  500  y - is  not 
less  than  2 a. 


The  bare  current-carrying  parts*  which  are  located  on 
height/altitude  are  less  than  2.2  a*  conpulsorily  they  are  guarded. 
Is  enclosure/protections  serve  the  aeshes  not  less  than  1.  7 a in 
height*  also*  the  size/diaensioas  of  cells  not  sore  than  2x2  ca. 


The  doors*  which  lead  for  the  distributing  fraae*  are 
open/disclosed  only  outside.  Saallest  permissible  width  of  doors  0.75 
a*  the  saallest  height/altitude  of  1.9  a. 

The  end-type  parts  of  the  distributing  fraae  on  an  entire 
height/altitude  of  floor  level  froa  doors  or  inputs  aust  be 
coapletely  protect/surrounded. 

The  distributing  fraaes  of  equipnent/device  and  the  separate 
cabinets*  which  do  not  have  adaission  froa  the  back*  aust  be  carried 
out  so  that  the  connection  of  the  feeding  and  exiting/waste  cables 
and  wires  could  be  produced  on  the  spot  after  the  reinf orceaent  of 
panel*  ganged  equipaent/device  or  cabinet.  The  contact  parts*  serving 
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for  the  connection  of  cables,  last  be  cospletely  open-door  and 
naiutenance  and  be  arrange/located  within  the  lieits  of  panel. 


On  the  netal  sheathings  of  power,  lighting  and  control  cables  in 
open-door  places,  are  attachhed  the  tags  with  the  clear,  easily  read 
labels,  which  indicate  brand,  section  and  the  nnnber  of  cable 
according  to  the  taken  designation  and  the  electrical  circuit  of  this 
setting. 

All  terninals  to  which  are  connected  control  cables  they  are 
supplied  with  clear  literal  or  digital  designation.  The  tags,  slipped 
over  the  wire  ends,  are  nade  fron  insulating  aaterial. 

5.  Electric  wirings. 


The  electric  wirings  of  alternating  and  direct  current  by 
woltage  to  1000  V are  the  totality  of  wires  and  cables  fron  the 
pertaining  to  then  attachaents,  which  sopport  and  by  shielding 
construe  ti  ons. 

There  are  different  forns  of  electric  wirings,  nanely:  external. 


laid  on  the  external  walls  of  buildings  and  installations,  under 
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■ouoting  fixtures,  on  supports  with  the  flight/spans  between  then  to 
25  a,  and  internal,  carried  out  indoors. 


By  the  construction  of  the  wires,  used  for  an  electric  wiring, 
we  distinguish  the  shielded  wires,  which  have  above  insulating  layer 
the  netal  or  other  sheathing,  which  prevents  insulation  fcos 
mechanical  damages,  and  the  wire  not  protected,  which  do  not  have 
similar  protective  clothing. 

Osing  the  net  hod  of  the  execution  of  electrical  wiring,  they  can 
be  those  who  were  opened,  if  wires  run  themselves  on  the  surface  of 
walls,  ceiling  and  the  farn/trusses  of  building,  and  those  who  were 
hidden,  if  wires  run  themselves  in  walls,  sex/floors,  the  overlaps  of 
buildings. 


Page  104. 


Tables  16.  Peraissible  methods  of  the  execution  of  electric  wiring. 
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Key:  (1).  Fora  of  electric  wiring.  (2).  Dry  location.  (3).  Hunid 
location.  (4).  Da a p/crude  and  especially  daap/crude  location.  (5). 

Hot  location.  (6).  Dusty  location.  (7) . Location  with  cbeaically 
active  aediua.  (8).  External  wiring  (outdoors).  (9).  Note.  (10).  On 
rollers.  (11).  On  rollers  (for  the  daap/orude  places).  (12).  On 
insulators.  (13).  In  the  tubes  of  insulating  with  aetal  sheathing. 

(14)  . Open  a)  is  direct  by  the  incoabustible  constructions  and  over 
surfaces.  (15).  In  steel  tubes,  ducts,  tray/chutes,  the  flexible 
aetal  hoses.  (16).  In  steel  tubes  and  ducts.  (17).  In  steel  tubes. 
(18).  In  steel  tubes,  ducts,  tray/chutes.  (19).  In  steel  tubes, 
ducts.  (20).  In  explosive-and  flaanable  locations  the  electric  wiring 
is  aa4e  according  to  special  rules.  (21).  By  cables,  shielded  and  by 
special  wires.  (22).  By  cables.  (23).  By  cables,  by  the  shielded 
wires. 


Pegs  105. 

■ey:  (24).  b)  is  direct  by  the  coa best! hie  coastr actions  and  over 
surfaces.  (25).  Hidden.  (2d).  la  insulating  tabes  with  aetal 
•feeatbiag.  (27).  in  tubes  insulating  aoisture- proof.  (28).  In 
hamlmtiaq  tubes.  (29).  in  steel  tubes  by  special  wires.  (30).  in 
•*••1  tubes;  dead/blind  ducts;  the  closed  channels  of  the  structure 
of  buildings  by  special  wires.  (31).  in  steel  tubes.  (32).  In  steel 
tabes  sad  ducts  by  special  wires. 
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Page  106. 

Each  electric  wiring  nust  correspond  to  its  designation/purpose* 
operating  conditions*  to  voltage*  anbient  effects*  to  the 
reguirenents  for  electrical  safety  and  fire  safety. 

When  selecting  the  type  of  electric  wiring  and  nethod  of  the 
wiring  and  cables  taking  into  account  environnental  conditions*  it  is 
possible  to  use  data  given  in  Table  16. 


External  electric  wiring. 


For  an  external  electric  wiring  are  applied  unprotected 
isolated/insulated  wires*  which  according  to  the  degree  of  the  danger 
of  touch  to  their  current-carrying  parts  are  equated  to  bare  wires 
and  cables. 
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I such  a way  that  they  would  be  unavailable  for  the  touch.  The  seallest 
permissible  distances  between  wire  and  objects  are  shows  in  Table  17. 

I K 

Eitecoal  surface  wiring  and  the  walls,  which  eaerge  on  streets, 
is  not  allov/assused. 


Entrances  one  should  sake  through  tubes  within  walls  in  such  a 
way  that  water  could  not  be  store/accu aula ted  in  then.  Distance  fro n 
the  wires  of  addition  to  the  earth/ground  (with  voltage  to  1000  in)  to 
the  setting  up  of  insulators  on  wall  aust  be  not  less  than  2.75  a and 
during  the  addition  through  the  roof  - it  is  not  less  than  2.5  a. 
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Note.  Above  the  porch  of  the  roof  of  industrial  building,  the 
distance  fron  vires  to  vails  or  supporting  structures  nust  be  not 
less  than  50  sa. 


Key:  (1).  Separator.  (2).  Distance  fron  the  vires  of  external 
electric  viring  in  a.  (3).  above  the  balcony.  (4).  under  balcony. 
(5).  to  balcony.  (6).  above  the  vindov.  (7).  under  vindov.  (8).  to 
vindov.  (9).  to  the  earth/ground.  (10).  Horizontal  on  vails.  (11). 
Vertical  on  vails.  (12).  On  supports  near  buildings.  (13).  Hires  of 
electric  viring,  which  intersect  fire  passages  and  the  paths  of 
transport.  (14).  The  sane  outside  transient  part. 

Page  1.07. 
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With  the  input  unit  of  electric  wires  into  electrical  locations 
(with  voltages  to  1000  V and  above  1000  ff)  and  the  aounting  of  wall 
entrance  insulators  nust  be  constructed  so  that  the  aoisture  would 
not  fall  inside  buildings. 

Distance  froa  the  wires  of  addition  to  the  earth/groond  depends 
09  voltage*  and  precisely:  with  voltage  to  1 kf  - 3.$  a;  with  voltage 
to  10  kV  - 4.5  a and  to  35  k?  - 4.75  n. 


Internal  electric  wiring. 


Production  iadoors  internal  electric  wiring  can  be  carried  out 
opened  by  unprotected  insulated  wires  or  the  sane  wires*  but  placed 
in  netal  tabes*  hose/pipes*  ducts.  Internal  electric  wiring  can  be 
also  hidden*  with  the  arrangeaent/pernutation  of  wires  in  the  closed 
channels  (furrows)  of  the  structures  of  building.  A selection  of  the 
type  of  electric  wiring  and  aethod  of  wiring  nust  be  substantiated  by 
line  voltage*  by  the  conditions  of  operation*  by  aabient  affect*  by 
the  reguirenents  of  electrical  safety  and  fire  safety  and  correspond 
to  the  indications  of  the  "rules  of  equipaent/device  of  electrical 
devices". 
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The  insulation  of  wire  and  cables  aust  correspond  to  nosinal 

V 

line  voltage.  Bith  line  voltage  to  500  da*o  the  shielded  and 
unprotected  wires,  aust  have  insulation,  designed  to  the  noainal 
voltage  of  alternating  current  not  below  500  V. 

For  the  twisted  twin  conductors,  run  on  rollers,  there  is 
allowed  insulation  to  voltage  380  V,  while  for  the  cords,  utilized 
for  the  connection  of  aovable  receivers  (current)*  is  allow/assuaed 
insulation  to  voltage  220  V. 

neutral  conductors  aust  have  insulation,  eguivalent  of 
insulation  of  phases. 

In  production  locations  as  working  neutral  conductors,  is 
allow/assuaed  the  use  of  aetal  pipes  of  open  wiring,  torses,  housing 
of  conductors,  constructions  of  buildings,  production  constructions 
and  aechanisas  (for  exanple,  aetallic  far ■ /trusses,  coluans,  crane 
runways  and  so  forth).  These  current-conducting  constructions  it  is 
allow/assuaed  to  utilize  as  one  of  the  working  vires  of  line  in 
grid/networks  by  voltage  36  V,  for  exanple  for  eguipaent/device  of 
local  illuaination  on  aachine  tools,  etc. 

In  all  cases  of  using  the  current-conducting  constructions  of 
buildings,  aachinas,  conduit/aanif olds  and  so  forth,  it  is  necessary 


* 
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foe  the  purpose  of  electrical  safety  to  ensure  the  circuit 
continuity,  necessary  conductivity,  visibility  and  strong  joint  with 
the  electric  uelding  of  the  separate  cell/eleaents,  utilised  as  sire. 


Page  108. 

» 

Unprotected  insulated  sires  it  is  allos/assuaed  to  run  sithout 

’ 

the  supple aentary  insulation: 

B I 

> 1 

1)  in  steel  tubes  and  ducts  in  noraal,  hueid  and  dusty 
locations; 

2)  in  tray/chutes  in  noraal  locations.  In  this  case,  the 
tray/chutes  nust  be  arrange/located  at  keight/altitude  not  less  than 
2 ■ of  the  level  of  sex/floor  or  aaintenance  platforn; 

3)  is  the  closed  channels  of  the  structures  of  buildings  in  the 
noraal  locations,  shich  do  not  cose  into  contact  sith  huaid, 
danp/crude  and  especially  dasp/crude  locations,  or  not 
arrange/located  in  the  sex/floors  of  the  baseaent  or  sunk  into  the 
earth/ground  locations. 

In  danp/crude  and  especially  danp/crude  locations  for  a 
separator  and  tubes,  nust  be  applied  special  vires  vith 


1 


I 


i 


I 
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■ oist ore-proof  insulation  or  in  so isture- proof  sheathing. 

In  the  places  where  possibly  the  effect  of  gases  or  vapors, 
which  destructively  operate  on  insulation,  oust  be  applied  the 
special  wires,  stable  to  the  effect  of  the  environsent. 

For  the  electric  power  supply  of  sovable  and  sovable  electrical 
receivers,  nust  be  applied  the  patch  cords  and  cables  with  copper 
vein/strands.  All  vein/strands  of  the  indicated  conductors  (vires) , 
including  ground  wire,  oust  be  in  coaaon/ general/total  sheathing. 

Tubes  and  ducts  nust  be  installed  so  that  in  then  could  not  be 
store/accuaulated  noisture  froa  the  condensation  of  the  vapors,  which 
were  being  contained  in  air. 

In  dry,  not  dusty  locations  and  in  the  absence  of  gases, 
detrisentally  operating  on  wire  insulation,  the  connectioa  of  pipes, 
ducts  of  electric  wiring  it  is  realize/accoaplished  by  collars 
without  packing/seal.  In  the  locations,  which  contain  vapors  and 
gases,  and  also  in  the  places  where  to  pipes  of  electric  wiring  they 
can  fall  oil,  water,  esulsion,  connection  of  tubes  and  ducts  nust  be 
carried  out  by  the  neans  of  screwed  sleeves  also  with  the 
packing/seal  of  the  places  of  union  couplings  and  branchings.  In  the 

dusty  locations  the  couplings  of  pipes  and  functions  nust  be 

consolidated . 
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In  stMl  and  other  aechanically  strong  pipes,  jackets,  troughs 
the  places  of  connections  and  branches  of  wires  and  cables  should  not 
undergo  aechanical  forces,  and  the  insulation  of  their  cores, 
current>conducting  parts  should  be  the  sane  as  the  insulation  of  the 
entire  places  of  these  wires  and  cables. 

Connections  and  the  branchings  of  wires  within  ducts, 
tray/chutes,  tubes  and  the  aetallic  hoses,  laid  it  is  opened  or 
hidden,  they  are  not  allow/assuaed.  All  the  connections  and  the 
branchings  of  wires  nust  be  nade  in  coupling  and  branching  ducts. 

In  places  of  the  output  of  wires  froa  tubes,  hoses  (hose/pipes), 
the  ducts  etc.  wire  nust  be  shielded  from  danage.  The  tubes  with 
electric  wires,  applied  to  separate  apparatuses  and  instrnnents,  nust 
be  introduced  into  the  housings  of  apparatuses  and  instruaents  and 
tipped  with  insulating  bushes  or  funnels.  The  actual  connection  of 
wires  and  cables  to  apparatuses  and  instruaents  and  adjusting 
arnature  nust  be  conducted  by  the  neans  of  caps  or  special 
terni nal/g  ri ppers. 

The  connection  of  the  wires  of  single>wire  by  section  to  10  an* 


and  stranded  froa  copper  by  section  to  2.6  an*  is  allow/assuaed 
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without  caps,  but  with  soldering  through  and  pressing. 

Pa  ge  1 09. 

The  utilized  for  an  electric  wiring  netal  constructions,  tubes, 
hose/pipes,  tray/chutes,  clanps  so  forth  nust  be  grounded  and  are 
shielded  fron  corrosion. 

In  the  steel  and  other  aechanically  durable  tubes,  the 
hose/pipes  (hoses) , tray/chutes,  the  closed  channels  of  the 
structures  of  buildings  is  allow/assuaed  the  conbined  wiring  and 
cables: 

1)  of  all  circuits  of  one  aggregate/unit; 

2)  the  power  and  nonitoring  circuits  of  several  aachines, 
panels,  panels,  panels  etc.,  connected  by  technological  process; 


i 


under  the  condition  of  the  conclusion  of  pressure  wires  36  V into 
separate  insulating  tube. 
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In  one  tube,  duct  oc  tray /chute,  the  contained  separator  of  the 
nutually  reserved  circuits*  and  also  the  circuits  of  vorking  and 
energency  light  is  forbidden. 

The  vires  and  the  cables,  run  in  dects  and  tray/chutes,  nust 
have  designation. 

For  the  electric  pover  supply  of  novable  and  novable  electrical 
receivers,  one  should  apply  patch  cords  aad  the  cables  vith  copper 
vein/strands,  specially  intended  for  this  purpose,  taking  into 
account  possible  nechanical  effects. 

■hen,  in  the  places,  the  viring,  oils  and  eaulsion  is  present, 
one  should  apply  sires  vith  oil- resistant  insulation  or  of  the  vires, 
vhich  have  protection  fron  their  effect. 

Distance  froa  openly  laid  unprotected  insulated  vires  to  bearing 
surface  should  be  not  less  than  1 cn. 

Insulating  tubes  vith  netal  sheathing,  the  shielded  vires, 
cables  and  the  flexible  netal  hoses  nust  be  attached  on  the  bearing 
surfaces  of  the  tube  through  0.8-1  a;  vire,  cables,  netallic 
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hose/pipes  - through  0.5-0. 7 ■. 

Openly  laid  tubes  are  secured  os  the  horizontal  and  vertical 
sections  through  2.5-4  a depending  on  the  diaseter  of  tube. 

During  the  intersection  of  the  unprotected  wires  at  a distance 
fron  each  other  less  established/installed  35-100  na  (on  rollers)  or 
during  the  intersection  of  wires  with  section  fron  35  to  120  an*  at  a 
distance  of  less  70-150  aa  (on  insulators)  with  the  saae  section  of 
wire  to  wires  of  one  of  the  secants  aust  be  put  on  and  attached  the 
cuts  of  insulated  tube  with  a length  of  10  aa;  during  the 
intersection  of  the  unprotected  wires  with  the  shielded  wires  the 
distance  between  then  aust  be  not  less  than  50  aa. 

a 

Page  110. 

Distance  with  intersection  of  wires  with  conduit/aani folds  with 
flaaaable  liquids  aust  be  not  less  than  100  aa,  with  parallel  laying 
the  distance  froa  wires  and  cables  to  coaduit/aanifolds  aust  be  not 
less  than  100  aa  and  to  conduit/aanifold  with  flaaaable  liquids  - it 
is  not  less  than  200  an. 

When,  indoor,  the  bare  open  wiring  is  present,  nust  be  provided 
for  in  the  case  of  the  necessity  to  produce  discoaaection/cutoff  on 


I 


all  phases  of  this  section.  In  electrical  locations  there  is  allowed 
bare  wiring  with  any  voltage,  but  with  necessary  eqnipnent/device  of 
the  proper  enclosure/protections,  passages,  signaling,  etc. 

The  bare  and  bare  shielded  wires  (in  cases)  aust  be  reaoved  froa 
each  other  and  froa  the  walls  of  buildings  and  grounded  constructions 
according  to  the  indications  of  Table  18. 

Conductors. 


The  advisable  nodernization  of  electric  wiring, 
realize/accoaplished  by  bare  wires,  are  the  conductors,  intended  for 
channeling  of  electric  power,  by  which  is  understood  the 
eguipaent/device,  which  consists  of  bare  conductors  with  all  relating 
to  then  insulators. 

They  are  aade  in  the  open  version  with  the  conductors,  not 
shielded  froa  touch;  in  the  shielded  version,  not  exposed  and 
incidence/inpingenent  of  foreign  objects  and  in  closed  version  - in 
the  dust-proof  or  shielded  froa  spatters  duct. 


The  saallest  sections  of  the  wires  of  the  open  conductors  aust 
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be  not:  less  than  2.5  an*  for  copper*  4 an*  for  aluainua*  (fi)  3.5  aa 
for  steel  and  120  aa*  for  tape/strip  vith  their  thickness  is  not  less 
than  • 3 an. 


Indoors  the  open  conductors  aost  be  installed  at  height  /altitude 
not  less  than  3.5  a of  the  level  of  sex/floor  (Pig.  46)  * and  in  the 
shielded  perforaance  - at  height/altitude  it  is  not  less  than  2.5  a. 


Distance  froa  the  current-carrying  parts  of  the  open  busbars  to 
conduit/aanifolds  aust  be  not  less  than  1 a*  and  before  technological 
eguipaent  - it  is  not  less  than  1.5  a. 


Distance  froa  the  shielded  conductors*  closed*  dust-proofed* 
splashproof  of  conduit/aanifolds  and  technological  eguipaent  is  not 
standardized. 


On  an  entire  route  of  conductors  through  each  10-15  a*  and  also 
ia  the  places*  attended  by  people  (the  landing  fields  of  crane 
drivers)*  aust  be  arranged  on  the  tap/crane  of  the 
enclosure/protections*  which  prevent/vara  about  the  possibility  of 
rand oa  touch. 


Page  111. 
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The  bare  wirings  of  conductors  are  allow/assuaed  only  for  the 
■ain  lines  branchings  fros  which  east  be  Bade  by  insulated  wires  in 
steel  tubes.  To  arrange/locate  their  is  necessary  higher  than 
technological  eguipsent,  and  also  conduit/sanifolds,  which  reguire 
regular  naintenance. 


Directly  of  the  place  of  branching  fros  the  feeding  or 
distributive  conductors  aust  be  establish/installed  in  open-door 
places  the  corresponding  apparatuses.  Last/latter  it  nust  be 
protect/surrounded  in  such  a way,  that  would  be  elisinated  the 
possibility  of  rand  os  touch  to  parts,  that  are  located  under  voltage. 

Wirings  of  the  control  circuits,  aeasurenent  and  control.  The 
voltage  in  the  control  circuits,  neasureaent  and  control/checking  by 
the  operating  rules  is  not  calibrated. 


Fig.  M.  Location  of  bar*  wiring  in  ax  plosion  proof  locations. 

Key:  (l)  Not  less  than  3.5  m. 

Page  112. 


However*  if  apparatuses  and  the  instrunents  of  control  circuits  are 
found  directly  on  eguipnent  or  near  the  equipaent,  arranga/located  in 
especially  dangerous  locations  or  working  with  wet  processes,  the 
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voltage  of  these  circuits  one  ought  not  to  allow/assuae  lore  than  36 
V.  The  wire  insulation  and  cables  is  designed  for  voltage  not  below 
500  V- 

The  fulfillnent  of  wiring  as  a whole  nast  satisfy  the  general 
rules  of  e gulp sent /dev ice  of  electric  wirings  taking  into  account 
environaental  conditions  and  reguireaents  for  safety. 

Circuit  for  different  objects  one  should  sake  separate.  This 
reguireaent  is  not  propagated  on  the  circuit  of  protection, 
autoaation  and  blockings,  provided  for  for  two  and  aore  the  objects, 
which  relate  and  to  one  aggregate/unit,  to  block/aodule/anit , etc. 

The  control  cables  and  control/checking,  run  together  with  power 
cables  in  conaon/general/total  tunnels,  channels  and  shaft/aines,  one 
should  place  separately  in  such  a way  that  the  daaage  of  power  cable 
could  not  cause  cable  fault  of  control  and  control/checking. 

All  the  connections  of  the  separate  control  circuits  and 
control/checking  are  aade  with  the  aid  of  terainal  series;  the 
connection  of  wires  soldering  or  in  any  other  Banner  not  on  teraiaals 
- it  is  forbidden.  The  wire  ends  aust  be  connected  up  terninals 
solidly,  providing  reliable  fixed  contact.  Terninals  aust  be  shielded 


froa  touch 
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Key:  (1).  Poras  of  conductors.  (2).  Smallest  distances  (in 
vorld/light)  in  an.  (3).  Opened.  (4).  Conductors,  which  consist  of 
vires  with  the  distances  between  attachaent  points.  (5).  to.  (6). 
froa.  (7).  shielded,  closed  and  dust-proofed.  (8).  over  the  surface 
of  insulation.  (9)  by  air.  (10).  Splashproof . 

Page  113. 

The  terninals,  which  relate  to  the  different  objects  of 
electrical  device  it  is  necessary  to  isolate  into  separate,  those  who 
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were  not  connected  friend  and  by  friend  terainal  series.  All  terninal 
series  and  the  connected  to  then  cables  are  supplied  with  durable  and 
clear  conventional  designations  of  separate  circuits  (letters  or 
nunerals)  according  to  the  established/installed  systea  of 
designation  - it  is  separate  for  the  circuits  of  alternating  and 
direct  current. 

The  wiring  of  the  control  circuits  and  control/checking, 
terninal  series,  safety  device/fuses  and  their  other  cell/eleaents 
one  should  drive  out  to  safe  distance  frQa  the  parts  of  the  setting 
up,  which  are  located  under  voltage  above  1000  V.  At  the  sane  tine  it 
is  necessary  to  ensure  accessibility  and  safety  of  the  aaintenance  of 
these  cell/eleaents  without  stress  relieving. 

6.  Lighting  plants. 

By  their  designation/purpose  are  distinguished  the  following 
lighting  systeas. 

The  general  illuaination  - for  the  illuaination  of  any  location 
or  part  of  it  both  froa  identical  and  with  different  illuaination. 
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(Local  illaalnatloD  stationary  or  notable  - for  the  illaai nation 
only  of  working  surfaces. 

The  contained  illonination  - as  totality  it  is  sinnltaneous  of 
coaaon/geaeral/total  and  local  illonination. 

- 

Repair  illonination  - for  the  illonination  of  separate  bnilding 
grounds. 

i 

; furtheraore,  is  distingnished  the  working  illonination,  which 

serves  for  providing  the  proper  visibility  conditions  in  a noraal 
operation,  and  eaergency,  utilized  with  the  aalfunction  of  working 
illonination,  if  this  is  caused  by  the  special  featore/pecoliarities 
of  technological  process  or  by  the  need  of  the  evacuation  of  people 
daring  the  onset  of  the  danger  of  trauaatisa  in  connection  with 
energency. 

The  construction  of  illoninating  laaps  nost  be  nost  rational  in 
connection  with  environaental  conditions  (Table  19). 

hr natures  in  explosive  and  flaaaable  locations  nost  be  the 
special  construction,  which  corresponds  to  the  specific  conditions  of 
explosion  hazard  and  fire  hazard.  The  araatures,  used  in  daap/crude 

locations,  aust  have  receptacles  fron  insulating  and  noisture~ proof 

materials . 


NMM 
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The  reinf ores seats,  used  in  especially  danp/ccude  locations, 
with  caustic  vapors  and  gases,  and  also  outdoors,  aost  have  housing 
froe  insulating  and  aoisture-proof  naterials  theeselves  nust  be  aade 
fron  the  naterials,  shich  oppose  to  the  effects  of  audios  or  shielded 
by  the  corresponding  coatings;  the  internal  cavities  of 
reinf orcenents  and  tubes  nust  be  protected  fron  the  direct  hit  of 
aoisture.  The  aethod  of  the  input/introduction  of  wires  nust  exclude 
the  possibility  of  the  closing/shorting  of  the  wires  between 
thenselves  or  to  aetallic  fittings. 


Page  314. 

Reinf orcenents  for  dusty  locations  nust  have  the  open  or 
dust-proof  construction  depending  on  character  and  quantities  of 
isolabable  dust. 

"file  voltage  of  illuaination  nust  not  exceed  220  V. 


The  voltages  of  illuainating  laaps  depending  on  their  purpose, 
the  construction  and  the  places  of  use  are  shown  in  Table  20. 
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Table  19. 


O') 


HcnojMCHHe  cmthjuiiiko* 


W 


XapaKTepMCTiua  nouemCHNa 


(S) 

O TK  p U T U 6 


3awHmeHHue 


J launa  He  oTAeaeua  ot  BHemneA 
cpeau 

h 

t^Vlauna  OTaeaena  ot  BHetnHeA  cpeau 
o6ojiohkoB,  He  npensTCTayiomeA  06- 
MeHy  BosayxoM  Meway  BHyTpeHHeA 
noaocTbio  CBeTHJibHHxa  h BHemHeA 
cpeaoft 

&)R 

v Bjiaro3amKmeHHbie 

^/^Kopnyc  h naTpoH  npoT  HBOC  TOST 
BoaaeAcTBHio  saarH  h ofiecneqHBaioT 
COXpaHHOCTb  H30JIJIUHH  BBeaeHHUX  B 
CBeiHabHHK  npOBOAOB 

i/3) 

. nuaeHenpoHHuaeuue 

' Jlauna  pTseaena  ot  BHeuineA  cpeau 
o6oaoiKoA,  He  aonycxaiomeA  npoHHK- 
HOBeHHH  b noaocTb  pacnoaoateHHH 
aawnu  h narpOHa  tohkoA  iiuah 

. Wapu.o.amHmeHHue 

1 BapuBOHenpoHHuaeMoCTb;  noBumeH- 
naa  HaaexMOCTb  npoTHB  Bapuaa 

^'tneunaamoe 


(sl 


HopuaabHue  noMemeHHa.  BoabaiHHCTBO 
npoHSBoacTBeHHux  noMeuteHHA  6ea  no- 
BuiueHHoA  BaaacHOCTH  h aanuaeHHOCTH 

^ rioMemcHHa  cupue,  c HeCoxbmHii  co- 
aepwaHHeu  iiuah 


("L 


OMemeHHa  oco6o  cupue,  £ eaxHMH 
napauH  h raaaMH  h BHe  noMeiueHHA 
) DHyTpeHHwe  noaocTH  apuaTyp  h aaun 
y npeaoxpaHeHu  ot  npimoro  nonaaaHH* 
BaarH  \ 

(/S)  . • 

rioMeiaeKHa,  coaepHcauiHe  nuab  buco- 
koA  aHcnepcHocTH,  paapymHTeabHO  aeA- 
CTByicmyio  Ha  H3oaauHio  h TOKOBeayiHHe 
HaCTH  CBCTHAbHHKa 


ycaoBHax  aspuaoonacHux  nouente- 
hhA  h HapyatHUx  ycraHoaoK— cootBercr* 
seNHO  aeAcrayiouteA  xjuccH$HxaHHH 
B3puBoonacHux  noueuteHHA 


Keys  (1).  Performance  of  illuainating  lamps.  (2).  Characteristic  of 
location.  (3).  Opaned.  (4).  Tube  is  not  separated  from  environment. 
(5).  Normal  locations.  Majority  of  production  locations  without  the 
increased  humidity  and  dust  content.  (6).  shielded.  (7).  Tube  is 
separated  from  environment  by  the  sheathing,  preventing  the  exchange 
of  the  air  between  the  internal  cavity  of  illuainating  lamp  and  the 
environment.  (B).  Locations  daap/crude,  with  small  dust  content.  (9). 
Moisture  -protected.  (10).  Housing  and  receptacle  resist  the  effect 
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of  Moisture  and  provide  the  safety  of  insulation  of  the  introduced 
into  illaninating  lanp  wires.  (11).  Locations  especially  daap/crude, 
with  caustic  vapors  and  gases  and  outdoors.  (12).  Internal  cavities 
of  reinforceaents  and  tubes  are  protected  froa  the  direct  hit  of 
aoisture.  (13).  Dust-proofed.  (14).  Tube  is  separated  froa 
environaent  by  the  sheathing,  which  does  not  allow/assuae  penetration 
into  the  cavity  of  location  of  tube  and  receptacle  of  fine/thin  dust. 
(15).  Locations,  dust-laden  of  high  dispersity,  which  destructively 
operates  on  insulation  and  current-conducting  parts  of  the 
illaninating  lanp..  (16).  Ex  plosion- proof.  (17). 

Explosive- impenetrability;  the  increased  reliability  against  blast. 
(18).  Onder  conditions  of  dangerously  explosive  locations  and 
external  installations  - with  respect  to  the  operating  classification 
of  explosive  locations.  (19).  Special. 
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Table  20. 


CSeTMJbHHKa 


1.  Ofimee  ocaemeHne 
aawiaMM  uaxaaMBiMMi 


HanpaweHHe 

(fi)  • 


127—220 
47) 


yCJOBMa  npMMCHCHHa 


7&V 


B nOMeiueHHax  c noBbimeHHoA  onac- 
h oct bio  h oco6o  onacHux  bucotx  nox- 
aeca  caeTHXbHHxa  aoahciu  6uTb  ae 
Meitee  24  M ot  ypoana  noxa 


) 7.  06niee  ocaein«HMe 


•aitnaMH  HaKaxMaaHNa 


K>1 


. 3.  OOmee  ocaeinemie 

XIOMHHeCUeHTHUMH  «H* 
» naiiM  1 


127-220 


127—220 


MecTHoe  ocaemeHMe 
anaitH  HaKaxHaaHna 

li  * 


'8.  MecTHoe  ocsemeHHe 
OMHUeCUeHTHUMH  Jail- 

■MM 


‘PeMONTHoe  ocaeuie- 
pyaMUMH  nepeaoc- 

~ CBCTHXbMHKlMH 


Mb  1 


ffl\  B rex  ace  noMeiueKHax,  ho  npH  tu- 
hcoTe  Me  He*  2,5  m Xoxxhu  npHMe- 

HBTbCB  CBCTHXbHHKH  KOHCTpyKUH  ft , 
HCxatoHaiomMX  aocryn  k xamnan  6e3 
cneitHaxbHux  npHcnocofixemift 

VlonycKaercH  ycTa  HaBjineaTb  Ha  b wco* 
Te  Meuee  2,5, m npH  ycaoBHH  Heaociyn- 
hocth  hx  TOKoaexymHX  qacTett  (koh- 
txktob,  CTaprepa)  xaa  cayqaAHoro 
npHKOc  HOBeH Ha 

nouenteHHax  6e3  noBumeHHofi 
onacHocTH 

noHeuteHHax  c noauuieHHott  onac- 
HOCTblO  H B oco6o  OnaCHUX 

HonycxaeTct  xax  hckxiohchhc  b no- 
M MeuieHHHX  c noBbiuieimoR  onacHOCTbio 
(ho  He  oco6o  onacHhix)  aah  ceeTHAb- 
HHKOB  CIieilHaXbHOR  KOHCTpyKUHH  (CM. 
Bbiuie  n.  2),  a TaKxe  abh  CBeniabHn- 
KOB,  HBXaiOlUHXCH  COCTaBHOll  MaCTbK) 
asapHflHoro  ocBemeHHX,  nHTatouterocH 
OT  He3aBHCHMOrO  HCTOMHHKA  TOKa 
127—220  /|S)  HonycxaeTca  abb  MecTiioro  ncae- 
uieHHa  npH  ycaoBHH  HeaocTynHOCTH 
hx  TOKOBexyiuHx  qacTett  Axa  cayqaft- 
hoto  npHKoc HOBeH Ha 

nycxaeTca  xaa  pewo  hthoto  ocBe- 
uteHHa  b noneiHeHHix  c noBHineHHoA 
ona cHocrbio  m oco6o  onacHux 


127-220 

‘36 

127-220 


36 

40) 


1^'  12 

^ (4.HT.  49) 


I Horo  1 

y ?^Jlon 


ilonycKacTca  Axa  peMOHTHoro  ocb*- 
uteHHa  npn  HaaHMHH  ocoto  Hefixaro- 
npHHTHblX  yCAOBHfi  paCOTbl,  y BeBIIMH* 
BaiomHX  onacHocTb  iiopaxenHa  tokom 
H3-3a  npHKoc HoaenH a patoranuiero  x 
saaeMaeHHbiM  h xopouio  npoBoamuHM 
nOBepXHOCTBM  SAHHmR,  KOHCTpyK* 
UhR,  MeXaHH3MOB,  OOopyAOBBHHa 


Key:  (1).  Designation/purpose  of  illuainating  laap.  (2).  Voltage  V, 
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(3).  Application/use  conditions.  (4).  Coaaon/general/total 
incandescent  lighting.  (5).  Fig.  (6).  In  locations  with  the  increased 
danger  and  especially  dangerous  the  height/altitude  of  the  suspension 
of  illuainating  l&ap  aust  be  not  less  than  2.5  a of  floor  lerel.  (7). 
In  the  saae  locations,  but  at  height/altibude  are  less  than  2. 5 a 
there  should  be  applied  the  illuainating  laaps  of  the  constructions, 
which  eliainate  admission  to  tabes  without  special  attachaents.  (8). 
The  general  illuaination  by  fluorescent  laaps.  (9).  It  is 
allow/assuaed  to  establish/install  in  height/altitude  less  than  2. 5 a 
under  the  condition  of  the  inaccessibility  of  their  current-carrying 
parts  (contacts,  starter)  for  a randoa  touch.  (10).  Local 
incandescent  lighting.  (11).  In  locations  without  the  increased 
danger.  (12).  In  locations  with  the  increased  danger  and  in 
especially  dangerous.  (13).  Is  allow/assuaed  as  exception/eliaination 
in  locations  with  the  increased  danger  (but  not  especially  dangerous) 
for  the  illuainating  laaps  of  special  construction  (see  above  p.  2), 
or  for  the  illuainating  laaps,  which  are  the  coaponent  part  of  the 
eaergency  light,  which  feeds  froa  independent  current  source.  (14) . 
Local  illuaination  by  fluorescent  laaps.  (15).  It  is  allow/assuaed 
for  local  illuaination  under  the  condition  of  the  inaccessibility  of 
their  current-carrying  parts  for  a randoa  touch.  (16).  Repair 
illuaination  by  aanual  aowable  illuainating  laaps.  (17).  I t is 
allow/assuaed  for  repair  illuaination  in  locations  with  the  increased 
danger  and  especially  dangerous.  (18).  is  allowed  for  repair 
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illuainatioa  when  the  especially  adverse  conditions  of  work  are 
preseat, # which  increase  the  danger  of  da nage/def eat  by  current  due 
to  the  touch  of  worker  to  that  which  was  grounded  and  well  carrying 
out  to  the  surfaces  of  buildings,  constructions,  aechanisas, 
eguipeent. 


fig*  47.  llluainat ing  laap  of  noraal  construction  of  general 
illuaination,  suspend/hung  froa  height/altitude  is  below  2.5  a in 
locations  with  increased  danger  and  especially  dangerous  (voltage  is 
not  above  36  W)- 


fig.  48.  Baaual  novable  illuainating  laap. 

Page  116. 

In  production  locations  with  the  average  degree  of  dust  content, 
can  be  applied  usual  lighting  fixtures  (Pig.  50).  If  indoor  is  a 


....  * 
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large  quantity  of  dust  or  the  isolating  dust  is  dangerous  in  the 
relation  to  fire,  is  allow/assuned  the  setting  up  of  the  dust-proof 
illuminating  leaps. 

In  the  locations  daap/crude,  and  also  which  contain  caustic 
vapors,  it  is  necessary  to  apply  dust- water-proof  illuminating  laaps, 
shielded  of  the  penetration  of  dust  and  aoisture,  calling  the 
decoaposition  of  insulation  and  current-carrying  parts.  The  aatecial 
of  reinforce sent  aust  be  stable  against  the  destructive  effect  of 
dust  and  aoisture  (Pig*  51). 

Por  the  illuaination  of  production  locations  with  by  the 
increased  huaidity,  fine  dust  and  industrial  gases  intended  the 
illuminating  laap  of  the  increased  reliability  PR  (Fig.  52). 


— , 
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Wj.  49.  Ipplicatioa/M*  of  oooool  aovablt  illuiutitg  loops  la 

works  in  oetollic  reservoirs,  pits,  tunnels  and  other  especially 
dangerous  locations  (voltage  is  not  above  12  *?>. 


Key:  (1).  Length  is  not  lore  than  2 o 


Ply*  50.  . Illoaiaating  laap  la  open  a ad  doaad  perforaaace.  a - aa 
illaainating  laap  of  the  type  "Universal",  b - an  illaaiaating  laap 


of  the  type  "intense  radiater",  c - an  illaainating  laap  of  the  type 
"Alpha";  d - an  illaainating  laap  of  the  type  "Lyatsetta". 
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Page  118. 


The  illuminating  lamp  PH,  used  to  voltage  300  H,  consists  of  the 
cast  aetallic  housing,  bell  jac  and  suppressor  grid;  it  can  be 
equipped  by  reflector. 


h | 

i 


Si 


i 


In  inflaaaabie  locations  it  is  necessary  to  apply  the  dust-proof 
fittings;  in  this  case  in  the  places  where  are  possible  aechanical 
effects,  illuninating  leaps,  besides  the  bell  jars,  anst  be  shielded 
by  wire  gauze. 

In  the  locations  of  dangerously  explosive  depending  on  category, 
their  lighting  plants  are  aade  differently.  Are  aost  coaaon  pneumatic 
illuminating  leaps  and  the  illuninating  laaps  of  high  aechanical 
strength. 


< J*/  . 
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Pig.  52.  Illuainating  laap  of  increased  reliability  PH-303.  1 - tube 
for  attach sent  3/4  "with  the  thread  of  14  turns  per  1".  2 - 
screv/propeller  for  a grounding.  3 - retainer  screw.  4 - receptacle 
special.  5 * the  housing  of  illuainating  lanp.  6 - rubber  packing.  7 
- ring.  8 - shielding  bell  jar.  9 - suppressor  grid. 
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In  the  latter  the  explosion  hazard  is  reaoved  by  its  localization  in 
the  space  of  the  protective  glass,  designed  to  large  pressures  (to 
10-30  kg/ca*).  In  sone  constructions  is  provided  for  the 
discoenectioa/cutoff  of  tube  fron  network  during  reaoval/taking  of 
protective  glass. 

Illuninating  lamp  7ZG  (Fig.  53)  is  intended  for  the  general 
illeaination  where  the  fornation/education  of  dangerously  explosive 
aediua  occurs  only  with  the  disturbance/breakdcwn  of  the  production 
process.  Illuninating  laap  VZG  is  applied  in  the  locations  in  which 
is  possible  the  onset  of  the  dangerously  explosive  aediuas,  in 
reference  to  1,  2 and  3rd  categories  and  groups  i,  B,  G on 
coabustibility.  The  indicated  groups  and  the  categories  include  the 
following  dangerously  explosive  aediuas:  aethane,  annonia,  gasoline, 
butane,  ethane,  alcohol,  toluene,  xylene,  ethylene,  illuninating  gas, 
benzene,  pentane,  acetaldehyde,  hexane,  ether/ester. 

Rith  the  incidence/iapingeaent  of  dangerously  explosive  aediuas 
inside  reinf orceaent  under  the  cap/hood  of  reinforceaent,  can  occur 
the  localized  blast,  which  is  not  propagated  into  location. 

Protective  hood  of  reinforceaent  is  aade  fron  the  special  glass, 
which  aaintain/with stands  explosion  pressure  to  10  at. 

Illoainating  laap  PZG  does  not  guarantee  safety  with  the  daaage 
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of  protective  glass  and  can  be  applied  under  the  condition  of  the 
absence  of  the  technological  treataent/workiag,  connected  with  the 
f ragnentation  fragmentation  of  raw  aaterial  or  product  of  production. 
Power  of  tubes  200  «. 


Explosion  proof  illuaieating  laap  HfP-100  can  be  applied  alnost 
in  all  dangerously  explosive  locations,  with  the  exception  of  the 
special  cases.  Illuainating  laap  consists  of  two  housings  - the  bell 
jar  and  suppressor  grid.  Between  the  housings  of  illuainating  laap, 
and  also  between  cap/hood  and  internal  housing  are  rubber  packing. 
Illuainating  lanp  has  blocking,  which  disconnect/turns  off  tube  with 
the  daaage  of  glass  and  with  the  disturbance/breakdown  of 
airtightness. 
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Pig.  S3.  Illuminating  lanp  (explosion  proof  Vz&~200.)  1 - set  screw, 
2 - screw/propeller  for  a grounding,  3 - retainer  screw,  4 - 
receptacle  special;  5 - cap/cover  of  illuainating  lanp,  6 - set 
screwy  7 - aluainua  separator,  8 - retainer  screw,  9 - housing,  10  - 
ring,  11  - ring,  12  - retainer  screw,  13  - asbestos  gasket,  14  - 
shielding  bell  jar,  15  - suppressor  grid. 


Page  120. 

Blocking  works  according  to  the  principle  of  overpressure  under 
cap/hood,  and  therefore  during  the  operation  of  illuainating  laap  A*- 
100  periodically  it  is  required  to  punp  air  under  cap/hood. 
Illuainating  lanp  tv-  100  is  intended  for  tubes  by  the  power  of  100  1 
by  voltage  120  V. 

then  sinilar  illuainating  lanps  to  utilize  directly  in 
dangerously  explosive  locations  is  iapossible,  is  arranged  exterior 
lighting.  For  this,  is  applied  special  reinforceaent  - "oblique 
lights"  or  projectors,  adjustable  outside  dangerously  explosive 
locations  in  the  special  niches,  arranged  within  walls  and  shielded 
by  sufficiently  durable  glass  with  aetallic  gratings  (Pig.  54) . 


In  the  production  locations,  which  do  not  represent  explosion 
hazard,  besides  stationary  electrical  illuainating  laaps,  are  applied 
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the  aovable  illuainating  laaps  of  the  local  illuaination  which  for 
convenience  in  the  observation  of  procedure  (for  exaaple,  in  work  on 
nachiqe  tool)  can  be  noved  (Pig*  55)*  Requirenents  indicated  above 
for  the  safety  of  lanp  sockets  have  in  this  case  even  greater 
significance  as  a result  of  the  ianediate  vicinity  of  the  grounded 
aachiae  tool  or  any  other  aachine. 


54.  Illuainating  laaps  for  illuaination  through  the  window  (a) 
aad  through  the  opening  ia  wall  (b) . 
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Fig.  55.  Illuminating  lamp  of  local  illua ination  in  locations  with 
increased  danger  and  especially  dangerous  (voltage  is  not  above  36 
V). 

Page  121. 

Therefore  here  it  is  possible  to  apply  o^ly  illuainating  laaps  whose 
current-carrying  parts  of  the  receptacle  and  base  are 
protect/surrounded  froa  the  randoa  touchs  by  the  reliably  fastened 
and  especially  durable  protective  coatings.  The  housing  of  receptacle 
aust  be  aade  froa  insulating  naterial. 

The  requireaants  for  safety,  presented  to  the  aanual  aovable 
illuainating  laaps,  utilized  under  the  aost  diverse  conditions  of 
work,  east  be  even  nore  raised,  since  aanual  illuainating  laaps 
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frequently  cause  daaage/defeats  by  current. 

Housings  and  the  handles  of  movable  illuminating  lanps  aust  be 
■anufactured  froa  flameproof  and  moisture-proof  insulating  material 
of  sufficient  strength.  All  current-carrying  parts  aust  be  shielded 
froa  random  toach.  The  construction  of  illuminating  lamp  must 
withstand  incidence/drop  and  impacts.  Receptacle  aust  be  solidly 
fastened  in  the  housing  of  tube  and  it  is  drowned  so  so  that  it  would 
be  eliminated  the  possibility  of  the  touch  to  base  of  lanp  and  to  the 
screw  socket  of  receptacle  (Pig.  56). 

Tube  aust  be  shielded  froa  the  possibility  of  its  damage  by  the 
wire  gauze,  equipped  with  reflector.  Grids  aust  be  fastened  on  the 
insulating  handle  of  tube  so  that  their  reaoval/taking  without 
special  attachment  it  would  be  impossible.  The  wiring  point  of  wires 
to  receptacle  aust  not  ezperience/test  mechanical  forces,  since  in 
this  case  is  possible  the  weakening  of  contacts  within  the  receptacle 
of  movable  illuminating  lanp. 

Key  sockets  for  movable  illuminating  lamps  are  not 
allow/assuned,  since  key/wrench  complicates  construction  and  can 
render/show  the  reason  for  accidents.  The  input/introduction  of  wires 
inside  movable  tube  must  be  arranged  so  that  would  be  eliminated  the 
possibility  of  their  fracture  even  during  careless  access/rotation. 


It  is  necessary  to  arrange  in  the  place  of  the  input/introduction  of 
wires  special  protection  with  the  aid  of  sleeves  or  the  flexible 
sheathings  of  sufficient  strength,  put  on  to  wire.  Collars  nust 
reliably  be  secured  on  the  handle  of  tube. 

However,  during  the  nost  ideal  construction  of  the  illuninating 
lanp  of  wire  in  the  case  of  the  wear  of  insulation,  they  represent 
the  source  of  considerable  danger.  Therefore  the  correct  solution  to 
the  question,  as  are  provided  for  the  "rules  of  equipnent/device  of 
electrical  devices",  is  application/use  for  nanual  novable 
illuninating  lanps  and  the  local  illunination  of  voltage  12-36  V 
depending  on  the  character  of  the  anbient  production  nediun  and 
operating  conditions,  about  which  it  was  said  above. 


Page  122 
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ft*  «se  of  asaal  takas  iastaad  of  the  safe  aaaaal  iliaaiaatiag  leaps, 

•**  also  the  defective  tubes  aust  be  categorically  forbidden. 

Tubes  oust  be  connected  to  the  network  through  the  receptacles, 
which  ensure  reliable  electrical  contact  and  the  possibility  of  the 
convenient  and  safe  exchange  of  tubes. 

Receptacles,  independent  of  the  voltage  to  which  they  are 
designed,  oust  have  this  construction  that  the  current-carrying  parts 
of  the  tube  would  be  not  exposed,  bat  with  the  screwing  in  of  tubes, 
its  base  could  render/show  under  line  voltage  only  after  touch  to 
base  it  will  be  in  possible  (Pig.  57). 

1 

During  the  unsatisfactory  construction  of  receptacle,  the 
exchange  of  tubes  under  voltage  represents  large  danger.  So,  with  the 
screwing  in  of  tube  is  possible  incidence/iapingeaent  under  voltage 
as  a result  of  touch  to  tube  base,  which  is  located  under  voltage,  or 
to  the  aetal  sheathing  of  receptacle,  which  with  the  aalf unction  of 
receptacle  or  its  low-grade  charging  can  render/show  under  voltage 
(Pig.  58). 


Receptacles  with  noraal  thread  (E-27) , eguipped  with  switches. 


aust  satisfy  the  following  requireaents:  the  knob/sticks  of  switches 
aust  be  aade  fron  insulating  aaterial;  the  axle/axis  of  switch  aust 
be  iso late /insulated  froa  the  aetal  sheathing  of  receptacle  and  froa 
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parts*  which  ara  located  under  voltage. 

In  production  and  public  buildings  is  not  allov/assoned  the 
application/use  of  cord  and  adjusters  for  laap  pendant  of 
reinforcesents.  The  application/use  of  the  adjusters  for  lanp  pendant 
is  alloe/assuned  only  as  except ion/elinination  in  the  special  cases 
of  local  illuaination. 

In  three- wire  networks  laap  socket  is  connected  to  the  network 
through  the  two-pole  switch. 


fif.  57.  Construction  of  safe  laap  socket. 

Fig.  58.  Touching  the  lasp  base  (a)  and  the  aetal  sheathing  of 

receptacle  (b),  that  are  located  under  voltage. 
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Page  123. 

In  f oar-wire  networks  the  screw  socket  (cutting)  of  receptacle 
it  is  necessary  to  connect  up  neutral  conductor,  and  the  second 
contact  (butt)  - through  the  switch  to  phase  (Pig.  59). 

The  input/introductions  of  wires  into  reinforcement  wust  be 
arranged  so  that  would  be  eliminated  the  possibility  of  wear  and 
damages  of  wire  insulation  in  the  points  of  input/introduction, 
connections  of  conduit /manifold,  into  pivots  and  so  that  the  contacts 
of  receptacles  would  be  unloaded  frou  the  mechanical  forces  of 
voltage. 


Mith  imperfect  surface  of  tube  envelope  and  the  presence  of  the 
current-conducting  deposits  touch  to  it  can  be  dangerous.  Therefore 
along  with  correct  selection  and  the  setting  up  of  fittings  it  is 
necessary  to  follow  its  purity/finish  not  only  for  the  purpose  of  the 
effectiveness  of  illuninatioa,  but  also  in  the  interests  of  safety. 

The  feed  of  the  novable  nanual  illuminating  laaps  of  repair 
illnnination  by  voltage  12-36  T and  lanps  of  stationary  local 
illunination  on  36  v is  conducted  either  froa  novable  or  stationary 
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step-downs  transformer  or  fron  the  network  of  low  voltage.  In  tills 
case,  step-downs  transformer  east  have  the  separate  windings  of 
priaary  and  secondary  voltage. 


300/2200 


T 

f npoOoda 


tl<jne6oti 

npotod 


/ V'  « 

r j 


Fig.  59.  Connection  of  lamp  socket  to  foar-wire  network.  1 - lanp 
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socket,  2 - switch,  3 - the  sccev  thread  of  receptacle,  4 - internal 
part  (butt). 

Key:  (1).  phase  leads.  (2).  Zero  leads. 

Page  124. 

The  housing  of  transforaers  and  their  secondary  winding  asst  be 
grounded  before  connection  to  network. 

The  application/use  of  antotransforners  for  the  feed  of  novable 
and  annual  illuainating  laaps  is  forbidden. 

Step-downs  transforner,  which  ensure  low  voltage  12-36  ¥ for  the 
feed  of  the  illuninating  laaps  of  repair  and  local  illunination,  by 
their  construction  aust  be  safe. 

The  obtained  in  their  tine  wide  distribution  transforaers  of  the 
type,  siailar  indicated  in  Pig.  60,  with  by  the  unprotected,  exposed 
terainal/grippers,  which  are  located  under  line  voltage,  were 
repeatedly  the  sources  of  electrotrauaas  with  the  fatal  result. 

As  an  exaapla  of  the  safe  construction  of  step-down  transforner 
for  annual  portable  lasps  to  12  V Pig,  61  shows  the  transforner  on 
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220/12  \f,  developed  by  the  All-Union  scientific  research  institute  of 
industrial  safety  aeasures  VTsSPS  £All-Union  Central 

Trade~Union  Council]  (authors  A.  P.  Veselov  and  V.  I.  Korolkov).  In 
this  construction  are  realized  all  requireaents  for  electrical  safety 
taking  into  account  protection  fron  short  circuit,  fron  no-load 
losses,  the  greatest  cost-effectiveness/efficiency  and  the  provisions 
for  noraal  stress  on  tube. 

Construction  is  rod  type  single-phase  transforaer,  included  into 
the  iron  jacket,  closed  by  cap/cover.  Jacket  is  equipped  by 
knob/stick,  which  aakes  it  possible  easy  and  to  conveniently  transfer 
transforaer.  The  cap/cover  of  jacket  and  the  arranged/located  on  it 
receptacles  and  the  pins,  entering  the  cap/cover,  are  consolidated  by 
rubber  packing;  thus,  can  be  attributed  this  transforaer  to  the  class 
of  the  closed  novable  transforaers,  shielded  froa  the  spatters  of 
water. 

Transforaer  possesses  high  dielectric  strength;  all  the 
current-carrying  connections  are  nade  inside  and  are  not  exposed.  The 
construction  of  tripolar  bullet  connection^  guarantees  an 
indispensable  and  constant  grounding  of  the  jacket  of  transforaer. 
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Pig.  61.  Transformer,  developed  by  All-Onion  scientific  rasearch 
institute  of  industrial  safety  neasures  TTsSPS  (7MII0T 
(ill- Onion  scientific  Besearch  Institute  of  fork  Safety  of  the 
TTsSPS  ])  . 


Key:  (1).  Porn  A. 


Page  126. 


Purthernore,  is  provided  for  protection  froa  short  circuit,  which 
provides  the  life  of  transforner.  The  autonatic  disconnection/cutoff 
of  running-light  current  is  also  known  achieveaent,  since  in  the  case 
of  a largo  guantity  of  transforners  in  settings  up  in  no-load  work 
transforners  are  decreased  cos  * of  setting  up,  what  is,  undoubtedly 
by  the  negative  factor  of  operation. 


The  connection  of  aovable  nanual  illuainating  laaps  to 
step-downs  transforner  and  of  aovable  step-downs  transforner  to 
network  127-220-360  1/  oust  be  realise/accoaplished  with  the  aid  of 
flexible  (hose)  wires.  In  this  case,  the  wires  aust  be  equipped  with 
respect  to  their  designation/purpose  bullet  connections  which,  being 
are  intended  for  different  voltages,  structurally  they  aust  differ 
froa  each  other,  so  that  the  plugs  to  12  and  36  V could  not  be 
included  in  receptacles  110  and  220  V,  but  plug  12  V,  furthermore  I 
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coaid  not  be  included  in  receptacle  36  V. 

The  Metallic  housings  of  the  rein for ceaents  of  illaainating 
laaps  to  voltage  127-220  \/  aast  be  equipped  by  the  special 
screw/propellers  aith  a diaaeter  of  4 aa  for  a shielding  grounding. 

The  grounding  of  the  housings  of  illaainating  laaps  aith 
grounded  neutral  of  netuork  aust  be  realize/accoaplished  as  folloas: 

aith  the  surface  work  of  wires  - aith  the  aid  of  the  pigtails 
beteeen  the  grounding  contact  of  illuainating  lamp  and  the  neutral 
conductor,  adjustable  on  the  nearest  to  illaainating  lanp  fixed 
support; 

with  the  separator  of  shielded  insulated  wires,  cables  or  wires 
in  the  steel  tubes,  introduced  into  the  housing  of  illuainating  lanp 
- through  the  special  part  with  the  aid  of  the  connection  of  the 
housing  of  illuninating  lanp  with  neutral  conductor  it  is  direct  into 
illuminating  laaps. 


•»  r * * •■*•*•** 
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7.  Manual  electrified  tool. 

Page  127. 

The  question  concerning  the  safety  of  the 
application/use  of  hand  tool  with  electric  drive  (electric 
drill,  electric  nut  drivers,  electric  bolt  drivers,  polishing 
and  polishing  nachines,  electric  soldering  irons, 

t hr  eadc  otters,  vibrators)  has  large  value  in  connection  vith 
the  wide  use  of  an  electric  drive  under  the  nost  diverse 
conditions  of  production  (Pig.  62^. 

The  increased  danger  with  the  use  of  this  instrunent 
is  caused  by  prolonged  contact  with  power  tool  with  a good 

contact  between  the  netallic  housing  of  instrunent  and  hands 
and  the  body  of  worker;  the  deteraination  near  the 

aetal  lie.  well  grounded  object/subjects;  by  work  in  daa  p/crude 
locations  or  on  the  open  air. 


r~ 
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I Obviously,  lost  reliable  safety  nethod  fro*  diaage/ defeat 

by  curreat  is  the  application/use  of  a current  of  allowable 
stresses,  connected  with  the  setting  up  of  special  step-down 
transformers  for  each  tool  or  for  the  group  of  tools. 

ji 


I 

, 
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Fig,  62.  ItuplH  of  tk«  difforont  application/use  of  a 
pooot  tool.  1 - electric  drill  for  drilling  of  doles,  2 - 

electric  wrench  for  screwing  up  and  unscrewing  of  nuts  and 
bolts,  3 - electric  hacksaw  for  cutting  of  netal,  4 - 
electric  shears  for  cutting  of  sheet  steel  with  a thickness 

of  1.5  an,  5 - electric  saw  (a)  switch,  b)  handle,  c) 

instrument} ♦ 
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Page  128. 


At 

Soviet 

plants  are 

aanuf actured 

power 

tools  up  to  1 

kW 

in 

power. 

working  on 

alternating 

current 

50  or  200  Hz 

with 

voltage  36  T.  Therefore,  power  tools  operating  at  voltages 
no  higher  than  36  V and  especially  at  the  increased 
current  frequency,  can  find  use  under  dangerous  conditions 
for  powers  on  the  order  of  1 kW  (Fig.  63). 

The  application/use  of  hand  tool  with  noraal  operating 

voltages  froa  110  to  220  V represents  the  deterained  danger 
of  daaaga/def eat  by  current  with  the  nonobservance  of  the 
precautionary  aeasures. 

According  to  operating  "technical  operation  instructions 

and  safety  of  the  naintenance  of  the  electrical  devices  of 

industrial  enterprises"  is  peraitted  to  apply  the  instruaent 
with  electric  drive  voltage:  in  locations  with  the  increased 
danger  - it  is  not  above  220  T;  in  locations  especially 

dangerous  and  outdoors  - are  not  above  36  ?.  with  the 
iapossibility  to  utilize  a power  tool  to  36  T its  due  to 

4 


J 


DOC  « 77233406 


PIGS 


ft3 


insufficiency  power  is  allow/assuaed  the  work  with  power 
tool  to  woltage  to  220  f inclusively.  But  in  this  case 
necessary  the  reliable  grounding  of  the  current-conducting 
housing  of  power  tool  and  use  by  worker  of  protective 
agents  as  that:  dielectric  gloves,  overshoes,  floorings, 
aprons  (depending  on  work  conditions;  Pig.  64).  in  these 
cases  is  very  expedient  the  application/use  of  renote 
control* 
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Page  129. 

Very  construction  of  poser  tool  nust  provide  conplete 
safety  sith  the  use  by  it.  This  poser  tool  is  shown  to 
Fig.  65.  The  locating  under  voltage  parts  of  the  nanual 
power  tool  are  arranged  so  that  is  eliminated  the 
possibility  of  touch  to  thea.  The  jacket  of  the  instruaent 
intended  for  a work  with  voltage  is  above  36  V,  it  is 
equipped  by  special  terainal/gripper  for  grounding  or 


| 
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connection  to  neutral  not  less  than  4 aa  in  diaaater.  The 
earthing  clip  east  be  provided  for  froa  inside  of  the 
housing  of  iastrunent. 

Power  tool  oust  rapidly  be  included  and  be  disconnected 
and  not  allow/assune  spontaneous  connection/inclusion  and 
disconnection/cutoff. 


The  position  of  switch  is  narked  on  the  housing  of 
instrunent  by  labels  "On"  and  “Of f“« _ Instruaents  with 
electric  drive  aust  be  ganged  equipped  by  four-contact  or 
three-pronged  bullet  connection  and  hose  wire  with  the 
appropriate  nunber  of  wires. 


As  lead  wire  for  an  instrunent,  aust  be  used  the 
rubber  flexible  hose  wire,  four-strand  - for  the  instrunent 
of  three-phase  current  and  three-strand  - for  single-phase. 
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Tke  fourth  vein /strand  for  the  instruaent  of  threa- phase 
current  and  the  third  vein/strand  with  single-phase  current* 
the  intended  for  a grounding  housing  of  instruaent*  nust  be 
noted  by  distinctive  color.  Ground  wire  by  one  its  end/lead 
oust  be  solidly  connected  with  the  housing  of  instruaent  by 
the  neans  of  special  terainal/gripper  (screv/propellar) * and 
by  another  - be  connected  tightly  to  the  grounding  contact 
of  plug. 

Insulation  separations  nust  be  with  the  necessary 
reserve  of  dielectric  strength*  All  the  current-carrying 
connections  and  contacts  nust  be  nechanically  durable. 

The  construction  of  power  tool  oust  be  tested  on 
dielectric  strength  by  voltage  not  below  1500  V.  The 
knob/ sticks  of  switch  and  the  housing  of  power  tool  itself 
for  the  purpose  of  electrical  safety  one  should  nake  fron 
durable  aouided  insulation.  The  wires*  which  supply  current* 
nust  be  shielded  froa  uechanical  daaages  and  have  the 
appropriate  device*  which  prevents  then  froa  rapid  wear  in 
the  places  of  the  inpot/introduction  into  the  housing  of 
power  tool. 
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Under  the  affect  of  production  and  atnospheric 
conditions  the  insulation  of  electrics  in  the  course  of 

tise  breaks  down  itself;  as  a result  the  setallic  part  of 
the  power  tool,  intended  for  the  enclosure/protection  of 

electric  sotor  and  its  current-carrying  pacts,  can 
render/show  under  voltage  and  cause  lethal  injury.  Therefore 
is  first  of  all  necessary  equipaent/device  of  reliable 
shielding  or  grounding  of  the  setallic  parts  of  the 
instrunent  and  periodic  inspection  of  its  state.  Purtheraore, 

power  tool  nust  be  shielded  by  the  safety  fuses.  in 
connection  with  this  bullet  connection  for  the  inclusion  of 
power  tool  into  network  together  with  the  safety  fuses  nust 
be  considered  as  integral  part  of  the  power  tool. 

By  the  nost  rational  solution  to  the  question 
concerning  the  electrification  of  hand  tool  froa  the 

viewpoint  purely  production  is  the  application/use  of  a 
high-frequency  current  (to  200-500  Hz).  The  najoc  advantage 
of  high-frequency  instrunent  is  high  productivity  and 
considerably  saaller  weight  in  conparison  with  the  power 
tool,  working  on  the  current  of  single  frequency  (50  Hz). 


1 
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According  to  the  published  data*  the  specific  power  of 
the  power  tool  of  alternating  current  with  50  kg  is  equal 


to 

30  S/kg*  and 

high~ frequency 

110 

S/kq.  The 

we ight  of 

the 

nanual  power 

grinding  aachine 

of 

alternating 

current 

with 

a frequency 

of  50  Hz  is 

13 

kg* 

and  with 

the  current 

with 

«k  frequency 

of  150  Hz  - 

a 

total  of  5 kg. 

Are 

analogous  data  also  for  the  electric  drills:  with  the 
current  with  a frequency  of  50  Hz  the  weight  of  electric 

drill  is  equal  to  4.4  kg,  and  with  the  current  with  a 

frequency  of  150  Hz  1.1  kg.  Furtheraore,  the  power  tool 

of  high  frequency  has  certain  advantage  in  the  relation  to 
the  safety  of  work.  An  increase  in  the  frequency  to  1000 
Hz  and  above  wore  will  even  considerably  facilitate  the 
weight  of  instruaent  and  with  respect  it  will  lower  the 

dangerous  effect  of  current  itself. 

The  safety  of  power  tool  is  provided  not  only  by 

construction*  but  also  by  correct  operation  and  supervision 
after  its  state. 

Page  131. 

In  operational  procedure  about  use  by  a power  tool*  oust 

be  clearly  noted  all  torque/none nts*  connected  with  the 


danger  of  the  alectrotrauaas:  need  preliminary  protective 
grounding  of  jacket;  the  need  for  the  inclusion  into 
network  with  respect  to  the  voltage*  indicated  on  the  panel 
of  pqwer  tool;  the  inadaissibility  of  the  use  of  defective 
iastruaent  or  wires  with  defective  insulation,  etc.  The 
soundness  of  instruaent  aust  be  checked  every  tiae  before 

its  delivery  for  a work. 

Power  tool  together  with  wires  it  is  expedient  to 
secure  to  the  ieterained  face,  for  exaaple  to  the  foreaan 
who  oust  follow  working  order  of  instruaent.  Horkwrs  aust 
be  well  inforaei  about  all  dangers  of  electric  current  with 
the  use  of  power  tool*  and  also  about  protective  aeasuros 
froa  the  danger  of  daaage/def eat  and  the  aethods  of 
rendering  of  first  aid. 

Independent  of  the  character  of  locations  and  conditions 
of  work,  all  power  tools,  working  with  voltage  above  36  V, 
a*st  be  grounded* 

In  the  deterained  places  of  production  location  aust  be 
provided  for  eguipaent/device  of  special  plug  sockets  with 

grounding  (neutral-connected)  contacts  for  the  inclusion  into 
the  network  of  aovable  electric  appliances  (power  tools. 
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vacua ■ cleaners,  electric  stones,  electric  welding 
transformers#  etc.)  with  the  siaultaneous  provision  for  thea 
with  shielding  grounding  (connection  to  neutral) . 

Monitoring  of  safety  and  working  order  of  power  tool 
is  charged  to  the  face,  specially  for  this  authorized  by 

order  on  enterprise.  Power  tool  nust  have  the  reference 
nnaber  and  be  stored  in  dry  location,  in  cabinets  or 

shelves. 

8.  Power  plants. 

I 

The  electric  drive  nust  be  arrange/located  so  that  it 
would  be  convenient  and  it  is  safe  it  to  operate,  to 

-■ 

overhaul  and  routine  repair. 

Electric  aotor  as  any  part  of  the  electrical  device, 
depending  on  its  design  can  be  to  a greater  or  lesser 
extent  subjected  to  the  destructive  effects  of  tha 
environaent  (aoisture,  dust,  gases,  etc.).  Reliable  and  safe 
work  is  provided  by  the  application/use  of  electric  aotors 
of  such  construction  during  which  they  are  sufficiently 
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skidded  fros  external  damages  and  the  destructive  effects. 

Depending  on  this*  are  applied  the  open*  closed*  shielded* 
pressurized/sealed  and  explosion  proof  electric  aotors  (Table 
21). 

That  which  was  opened  he  is  called  the  electric  motor 

at  whose  current-carrying  parts  do  not  have  special 
coatings.  Such  electric  motors  are  most  cheap  and  have 

minimum  sizes.  The  absence  of  protective  housings  provides 

good  natural  ventilation*  good  heat  removal  and*  therefore* 
the  high  use  of  an  active  material. 

Page  132. 

However*  to  apply  such  electric  aotors  is  possible  only  in 
the  dry  nondmsty  locations*  which  do  not  contain  vapors* 
acids  and  other  harmful  isolation/ liberations. 

To  Pig.  66a*  is  shown  open  type  electric  aotar*  not 

shielded  from  dust  and  moisture.  The  presence  of  the  open 

current-carrying  parts  and  revolving  parts  creates  on  the 
oee  hand  the  danger  of  danage/defeat  by  current  with  the 

random  touch  also  of  injuries*  with  another  - the 

possibility  of  short  circuits  with  iacidence/inpingenent  to 


J 


the  current-carrying  parts  of  any  current-conducting 
ob ject/sub jects.  Therefore  the  indicated  type  of  electric 
aotor  can  find  finding* 


To  Pig.  66b,  is  shown  shielded  typo  electric  aotor.  It 
is  aanufactured  also  with  daapproof  insulation  for  a work 
in  hnaid  nediua  and  on  the  open  air. 


Vith  the  possibility  of  danage  fron  the  penetration  of 


foreign  objects,  aoisture  or  dust,  one  should  apply  electric 
aotors  vith  protection  or  with  special  insulation  of 
windings. 
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Table  21. 


('> 


XipiKTcpMCTHKi  noneuteNHi 


(*) 


THn  ABHrarejm 


Cupoe  noMeiueHMe 


Ha 


A 

HuabHoe  noMemeHHe,  KorAa  nwt 
hjh  BOaoKHa.oceAaioui.He  11a  oGMOTKax 
taeKipOABHraTeaii.  HapymaioT  Hop- 
MaabHoe  oxaawAeHHe  hah  Bpe  aho 
AeftcTayioT  hb  H3oanu.Hio  (Koreabnwe, 
iteueHTHbie  3aaoAhi  h i.  n.) 

(*i)  ribiabHoe  noMemeHHe  npn  Henpoeo* 
ARiueft  Heropwqeft  nuaH,  aerKo  yaa- 
aaeMofl  npoAyBKoA  h He  0Ka3UBaio- 
uieft  paapyuiHTeabHoro  bahrhhh  Ha 

M30ANUHK) 

(q)  noMemeHHe  cupoe  h OAHOBpeMeHHO 
nuabHOe,  a TaKwe  noMemeime  c npo- 
BOABWeS  nail  ropioieA  nuabio 

III)  rioMeuieHiie  c eAKHmt  napaMit  haii 

raaauH 


H 


owapoonacHoe  noMemeHHe 


('0  • 

' BapuBOOnacHoe  noMemeHHe 


JaeKtpoABHraTeab  c BaarocToAicoA  hso* 
a mine  ft  h c 3am.HToft  ot  nonaaaHHs  aa- 
neab 

^^SaeKTpoABHraTeab  3aKputuA  hah  npo- 
ayBaeMbift  hhctum  BoaayxoM 


"L 


'1 


(il„ 


KpuTuA  aatKTpoABHraTeab 


I 


(,t)  ' 

3aKpuTuA  sAeKipoABiiraieab 

/ij) 

3aKpuiuA  3aeKtpoABHraTeab  b repwe* 

THHeCKOM  HCnOAHCHHH  ail60  3aKpHTH« 
npoayBaeMuA  BaeKTpoABHraTeab  cxHcai-. 
ToynopnoA  luoanuHeft 

^^3aeKTp0ABHraTeab  Bu6HpaeTcn  b coot- 
bctctbhh  c pa3A.  ,3aeKTpoo6opyAOBaHH* 
noacapoonacHux  noMemeHiift*  .npaena^ 
ycTpoAcTBa  aaeKTpoyciaHOBOK" 

SaeKTpOABHraieab  Bu6HpaeTC*  b coot-’' 
BeicTBHH  c pa3A.  ,3aearpoo6opyAOBaHHe 

BspuaoonacHux  . noueiueHufi*  .npaB«a 
yctpoAcTBa  saeKTpoycTaHOBOK" 


*«j:  (1).  Characteristic  of  location.  (2).  Type  of  engine. 
(3).  Danp/crude  location*  (4)*  Electric  aotor  with 
■oi  stare*- proof  insolation  and  with  protection  froa  the 
iacidence/iapingeaeat  of  drops.  (S) . The  dost?  location  when 
dust  or  the  filaaents,  which  settle  daring  the  windings  of 


electric 

aotor,  disrupt 

noraal 

cooling 

or  detriaenta 

ny 

operate 

on  insolation 

(boiler. 

cenent 

works  etc.). 

(«). 

Elect  ric 

aotor  closed 

or  blown 

by  par*  air.  (7>. 

Dusty 
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location  with  nonconducting  incoabustible  dust*  by  the  easily 
driven  out  purging  and  not  having  destructive  effect  on 
insulation.  (8).  Open  electric  aotor.  (9).  Location 
daap/crude  and  is  sinultaneous  dusty*  and  also  location  with 
the  conducting  or  conbustible  dust.  (10).  Closed  electric 
notor.  (11).  Location  with  caustic  vapors  or  gases.  (12). 
Closed  electric  aotor  in  pressurized/sealed  perfornance  or 
the  closed  air-blast  electric  aotor  with  acid-resistant 
insulation.  (13).  Flanaable  location.  (14).  Electric  aotor  is 
selected  in  accordance  with  section,  "electrical  eguipaent  of 
flanaable  locations"  the  "rules  of  equipaent/device  of 
electrical  devicas".  (15).  Dangerously  explosive  location. 

(16).  Blectric  aotor  is  selected  in  accordance  with  section, 
"electrical  eguipaent  of  dangerously  explosive  locations"  the 
"rules  of  equipaent/device  of  electrical  devices". 
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Page  134. 

Depending  on  tha  kind  of  protection,  distinguish  electric 
aotors  tke  sinply  shielded,  shielded  froa  drops  water  and 

oil  (Pig-  66c)  and  shielded  froa  water  spatters.  Froa  dust 
and  gases,  the  indicated  types  of  electric  aotors  are  not 
shielded,  since  they  are  cooled  by  the  air*  which  enters 
froa  the  environaent  through  the  gaps  between  the  electric 
aotor  and  protective  coatings* 

In  locations  with  the  contaainated  air  froa  penetration 
of  which  the  engine  aust  be  shielded,  are  applied  closed 
electric  aotors  (Fig.  66d) • 

Depending  on  the  aethod  of  cooling,  closed  electric 

aotors  are  aanufactured  with  tubular  connection,  with  the 

coolant  jacket  and  dead  ended. 

Closed  electric  aotors  with  tubular  connection  take 
place  special  for  the  connection  of  the  tubes,  which  supply 

and  which  discharge  air  coolant.  For  air  circulation,  the 
electric  aotors  within  jacket  have  a fan. 
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Electric  aotors  with  the  coolant  jacket  are  included 
into  netal  casing.  Between  jacket  and  housing  of  electric 
aotor,  there  is  a gap  for  air  circulation  which  cools 
electric  aotor.  Air  is  suckked  in  with  the  aid  of  the 
fan,  adjustable  outside  after  the  end  shield. 

Dead  ended  electric  notors  have  neither  supply  nor  of 


the  reaoval/outlet  of 

air 

coolant. 

Cooling 

occurs  exclusively 

as  a result  of  the 

heat 

eaission 

through 

the 

aeta 11 ic 

housing  of  electric 

aotor 

and  natural  washing 

by  air. 

Therefore  the  power  of  coapletely  dosed  electric  notors  is 
less  than  the  power  of  the  open  electric  aotors  of  the 
saae  size/diaensions. 


Besides  closed  electric  aotors , are  aanufactured  the 
special  explosion  proof  electric  aotors  whose  constructions 
are  varied  depending  on  the  conditions  of  their  operation 
(Table  21 , see  page  132). 

To  Pig.  66a,  is  shown  explosion  proof  electric  aotor 
for  a work  under  conditions  where  is  not  excluded  the 
possibility  of  blast  (nethane,  coal  dust). 
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Thus,  for  production  locations  by  the  best  types  of 
electric  aotors  one  should  recognize  closed  and  explosion 
proof. 


The  setting  up  of  the  open  and  shielded  electric 
aotors  as  cheaper  in  conparison  aith  closed  and  explosion 
proof  is  not  justified-  Soaetiaes  such  electric  aotors  for 
a preservation  froa  the  current-conducting  dust,  which  is 
foraed  during  production  process  (for  exaaple,  in  work  on 
the  aachine  tools),  cover/coat  with  specially  iron  jackets. 
This  disrupts  no  real  ventilation  and  it  iapedes  the  heat 
eaission  of  electric  aotor.  Insulation  of  the  winding  of 
electric  aotor  is  superheated  and  breaks  down  itself, 
creating  conditions  for  the  transition  of  voltage  on  housing 
with  all  escape/ensuing  froa  this  conseguences,  especially  if 
the  bousing  of  electric  aotor  is  nongrounded. 


1 


Page  135. 


It  is  obvious,  siailar  savings  of 
electric  aotors  reduces  to  zero,  since 
suppleaentary  expenditare/coasuaptions  in 


the  cost/value  of 
are  reguired 
connection  with  the 
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da  wage  of  electric  aotors,  the  unavoidable  naterial  losses, 
caused  by  idle  tine  of  prod action  nechanisns#  by 
nonperforaance  of  plan/layout,  the  repair  of  electric  aotors, 
etc.  purtheraore,  deteriorate  the  conditions  of  safety. 

During  the  setting  up  of  the  closed  or  erplosion  proof 
electric  aotors,  which  reguire  high  first  costs,  are 
provided  satisfactory  work  and  the  life  of  electric  aotors 
under  the  aost  adverse  conditions  and  are  reduced  to  the 

nininua  expenditures  for  the  repair  of  electric  aotors. 

For  the  aechanisas,  working  with  eaulsion,  it  is 
expedient  to  provide  the  oaulsion  peeps,  which  operate 
through  the  transaission  fron  electric  drive.  Practice  shoved 
that  the  direct- aotor  drive  of  the  puap*  feeding  eaulsion, 
works  under  very  severe  conditions  and  to  ensure  the  life 

of  this  electric  aotor  without  thi  rise  in  price  of 

construction  is  inpossible* 

The  individual  protection  of  electric  drive  fro  a the 
short-circuit  current  and  overloading  is  achieved  by  the 
setting  up  of  safety  device/fuses  and  separate  switches  of 


contactor*  which  aakes  it  possible  to  rapidly  disconnect 
electric  aotor  froa  network. 
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For  the  electric  aotors  whose  self-start  cam  coastitste 
a threat  to  aaintenance,  is  provided  for  the  protection  of 
ainiaaa  voltage. 

Independent  of  the  type  of  electric  aotor  it  is 
necessary  to  ensure  the  proper  quality  of  the  aounting  of 
electric  wiring  to  it-  Very  frequently  during  good 
construction  of  electric  aotor  as  a result  of  unsatisfactory 
contact  are  not  provided  reliability  and  the  safety  of 
work.  Thus,  for  instance,  terainal  terainal  boards  in 
certain  cases  renain  opened,  exposed  and  their  cootanination, 
which  can  cause  danage/defeat  by  current,  short-circuiting  or 
closiq9/shortiag  to  the  earth,  and  for  the  aajority  of 
contemporary  electric  aotors  generally  are  absent  terainal 
for  connecting  the  wires  (Fig.  67) • can  be  also 
unsatisfactory  sire  insulation. 


Fig.  67.  net  hod  of  the  connection  of  vir«  to  olactric 
aotor,  which  represents  the  danger  of  electric  shock. 


page  136. 

Therefore  the  eLectric  wiring,  carried  out  by  cable  or 
vires  in  tabes,  it  is  necessary  to  feed/condact  directly  to 
grip  cheeks  of  electric  notor,  without  allow/assaaiag  the 
anprotectsd  parts  of  the  electric  wiring.  Teminals  must  be 
reliably  protects surrounded  from  randoa  touch  to  then. 

Entire  electrical  eguipnent  for  the  launching/starting  of 
electric  notor  and  protection  fron  short-circuit  currents  to 
avoid  contaaination  and  transition  of  voltage  on  housing 
aust  be  shielded  by  sufficiently  airtight  jackets. 


ill  cell/eleaents  of  installations  - alectric  aotors, 
equipaent  for  control,  which  controls  start,  inspection  and 
aeasureaeat  and  shielding  equipaent,  and  also  all  fche 
electrical  accessor;  equipaent  - in  fora  of  perforaance  aust 
correspond  to  environaental  conditions. 

The  revolving  parts  of  the  electric  aotor  - fans,  the 
open  parts  of  the  shafts,  blocks,  clutches  - reliably  are 
guarded. 


The  starting  equipaent  of  electric  aotors  to  voltages 
is  above  1000  V,  establish/installed  directly  in  production 
location,  aost  be  reliable  closed  by  the  dead/bliad  panels, 
which  are  open/disclosed  either  by  special  key/wrench  or 
f with  the  aid  of  the  loosening  of  a«ts  or  bolts. 

Bach  electric  aotor,  as  a rule,  is  supplied  with  the 
separate  control  device.  Bith  voltage  500  T for  the  group 
of  *l*ctric  aotors,  is  allo*/assuaed  the  application/us*  of 
a coaaoa/general/total  starting/launching  apparatus,  if  this 
is  justified  by  the  reqaireaents  for  convenience  or  safety 


of  operation,  far  exaaple,  when  several  electric  aotors  they 
serve  for  the  drive  of  one  sachine  or  series  of  the 
nachines,  which  realize/accoaplish  a single  technological 
process. 

If  the  group  of  electric  aotors  is  supplied  fros 
conaon/general/total  sain  line  and  serves  for  the  drive  of 
the  aechanisas,  which  realize/accoaplish  a single 
technological  process,  for  a disconnection/cutoff  fros  the 
voltage  of  all  circuits  of  the  indicated  group  of  electric 
notors,  it  suffices  to  have  one  saster  switch, 
establish/installed  in  the  beginning  of  uain  line. 

The  devices  of  control  and  the  disconnecting  vehicles, 
adjustable  in  production  locations.  Bust  be  shielded  fron 


randon  touchs  to 

current-carrying 

parts. 

but 

in 

the  case 

necessity  - and 

of  the  harsful 

effects 

of 

the 

environ  Bent 

In  the  settings  up  in  which  the  given  nechanisn  or 
its  separate  parts  are  reaoved  fron  control  post  (for 
ezanple,  with  the  long  transporters),  are  provided  for  the 
knob/buttons  of  safety  for  the  disconnection/cutoff  of 
electric  notor  fron  the  place  of  location  of  the  renoved 
parts  of  the  nechanisn,  if  this  is  caused  by  the 
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requireaents  for  safety.  Furthermore,  in  the  similar  cases 

it  is  necessary  to  equip  the  light  and  sound  conn  unication* 

interlocked  nitli  lauaching/starting  and  stop  of  electric 
aotors. 

I 

The  electric  aotors*  subjected  to  separation*  aust  be 
shielded  fron  an  excessive  increase  in  the  speed. 

is  it  aas  already  said  that  electric  drive  nust  be 

* 

arrange/located  so  that  it  would  be  convenient  and  it  is 

safe  to  operate  it*  to  inspect  and  to  transport  into  shop 

for  the  production  of  repair  on  the  spot. 


t 


f 


Page  137. 

With  the  weight  of  equipaent  or  separate  parts  of  it  in 
100  kg  and  is  aore  necessary  to  apply  lift  and  aovable 
devices  - electrical  tap/cranes*  hand  cranes*  trolleys#  etc. 
Por  the  safe  aaintenance  of  the  electric  aotors* 
arrange/located  at  height/altitude  it  is  above  3 a*  aust  be 
arranged  constant  staircases. 


ill 

electric 

aotors 

for 

the  connection 

of 

vires 

BUSt 

have  the 

ter  ainal 

boxes 

with 

those  derived 

in 

each 

of  thea 
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as  six  terainals- clasps.  All  coil  leads  east  be  Backed.  The 

conaectioe  of  electric  aotors  to  their  feeding  vices  without 

connection  to  terninals  is  forbidden.  The  cable  box  (funnel) 
or  tube  vith  the  laid  in  it  vires#  which  connect  electric 
notor*  will  be  feed/conducted  directly  to  the  terninal  box 

of  electric  notor.  coil  leads  and  the  cable  terainals  or 
the  tubes*  lead  vires*  aust  be  closed  by  the 
enclosure/protections  vhose  re novel/ taking  vould  be  iapossibly 
vithout  the  loosening  of  screv /propellers  or  bolts. 

Connection/inclusion  and  the  disconnection/cot off  of 
electric  aotors  vith  the  aid  of  bullet  connection  are 

reconnended  at  the  power  of  engine  not  nore  than  0.5  kH. 

In  the  power  of  engine  of  nore  than  0.5  k>*  should  apply 
interlocked  bullet  connections  in  which  the 

connection/inclusion  and  the  disconnection/cutoff  of  electric 
notor  is  possible  only  with  the  reaoved  voltage. 

If  the  stop  of  the  electric  notor  of  any  aechanisn* 

entering  the  production  line*  can  involve  danger  for  the 

service  personnel*  energency  or  the  daaage  of  production* 
are  provided  for  the  corresponding  blocking  and  signaling. 


9n  each  rheostat  aust  be  distinct  aarkedly  the 
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position,  which  corresponds  to  the  connected  or  off 
rheostat,  and  also  the  position  of  internediate  step/stages. 
Liquid  resistance  are  supplied  with  liquid  level  gauge  and 

•ith  devices  for  exhaust  of  the  farning  vapors.  Rheostats 
and  resistor/resi stances  are  establish/installed  in  available 
for  naintenance  places  on  flaneproof  foundations. 

In  the  construction  of  starting/launching  equipment,  nust 
be  elininated  the  possibility  of  starting  of  electric  notor 
with  the  open  doors  or  the  renoved  cap/covers  of  the 
jackets  of  starters.  Electrical  circuit  and  the  design  of 
starting/launching  equip sent  also  nest  not  allow /assuae  the 
closing/shorting  short  of  vires  in  the  circuit  of  the 

reaote  control,  which  is  capable  of  leading  to  starting  of 

electric  notor. 

As  starting/launching  equip nent  for  the  direst 
connection/inclusion  of  electric  notor  with  short-circuited 
rotor  vide  acceptance  received  the  so-called  nagaetic 

starters.  They  possess  the  enoraous  advantage,  that  they  are 
sereice/naintained  renotely,  by  the  knob  control, 
arrange/located  independent  of  starter  in  aost  convenient  and 
safe  places- 
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Hagnetic  starter  is  aetallic  cabinet  with  the  tripolar 
contactor  of  alternating  current  and  the  two-pole  thernal 
relay,  noon tad  an  insulating  plate/slab.  Upon  incidence/drop 
or  disappearance  of  voltage#  the  contactor  autoaatically  is 
disconnected.  For  its  connection/inclusion  it  is  necessary  to 
press  start  button,  overload  protection  is  provided  by  the 
thernal  relay  which#  however#  does  not  provide  for 
protection  fron  short-circuit  currents.  Design  and  diagran  of 
aagnetic  starter  are  given  to  Fig.  68. 


(3)n,cH 


bnoKKOHmaxm  Kamvuina 
— a K^^^HvxmDCMoz^uma 


Ten/i oBoe 
pe/ie 


Pig.  §8.  Rtgitiic  starter,  a)  geaeral  vies,  b)  the  diagrai 


of  aagnetic  starter. 


*■**  (1).  Contact  block.  (2).  Bagaet  coil.  (3) . 

Uiackiag/startiag.  (4).  teaa/feet.  (S)  • Thecaal  relay. 
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Page  139. 


The  construction  of  starting/launchiag  equipaent  east  aot 
controlled  iato  the  work  of  electric  aotor  with  the  open 
doors  or  reaoved  cap/covers  of  the  protective  housings  of 
starters. 


All  electric  drives  of  aechanisas  with  large 
running-light  currents  aust  have  the  autoaatic 
disconnection/cutoff  of  idling. 


Knob/buttons  for  control  of  electric  aotor  aust  be  also 
closed  or  explosion  proof  fulfillaent.  Must  be  aanufactured 
then  froa  nechan ically  durable  colored  aouided  insulation.  To 
avoid  the  connection/inclusion  of  electric  aotor  with  randoa 
pushing  of  knob  "Launching/starting*  it  is  necessary  to 
establish/install  flush-type  knob/buttons  (Pig.  69). 


r 


£ 
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knob/but ton  "launching/starting"  with  green  or  black  paint* 
the  knob/button  of  "Seas/feet*  - red.  In  addition*  the 
designation/parpose  of  knob/but tons  should  be  sho*a  by 
■etal^ic  st«ncils  "ith  the  appropriate  labels: 
"launchiag/startiag",  "teau/feet**  "for ward",  "tfack/ago "*  and 
are — fctfcr.t'Vc, . 


Push-button  controls  group  Bust  be  establish/installed  in 
the  places*  which  ensure  safety  and  convenience  in  the 

aainienance.  If  the  reliable  shielding  grounding  of  the  case 

of  knob  control  is  difficult  to  achieve*  for  eraaple  for 
electric  transport  devices  (power  carriage*  power  block  and 
tackle)*  then  one  should  apply  the  cases  fron  aoulded 
insulation*  which  ensure  greater  safety  and  the  not 

requiring  groundings.  During  the  arrangeaent/perautation  of 
electric  aotor  at  considerable  distance  fro*  of  the  given 

by  it  into  action  aechanisa,  aust  be  provided  for  the 

possibility  of  the  stop  of  electric  aotor  froa  any  place 

of  the  aaintenance  of  this  aechani6a.  In  siailar  cases  it 

is  necessary  to  also  ensure  the  two-way  signaling#  which 
creates  safety  in  the  work  of  production  aechanisas. 


The  ezaainad  reguireaents  for  electrical  safety  are 


related  in  equal  to  neasure  to  electrical  aachines  in 

general. 
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9.  Electric  cranes  and  hoists. 

Lifting-transporting  devices  in  the  forn  of  electric 
cranes,  it  is  aonorail  and  telphers  they  are  aade  in 
accordance  with  the  rules  of  device#  examination  and 
operation  of  tap/cranes#  of  hoists  and  auxiliary  with  then 
devices#  developed  by  state  boiler  code  connittee. 

The  operating  voltage  of  electric  cranes  and  hoists 
east  be  not  above  500  volts.  Trolley  vireB  can  be  applied 

steel  * rigid  and  flexible.  In  the  case  of  the  notionless 
attachnent  of  trolley  wire  on  final  and  inner  bearings#  the 
distance  between  supports  nust  be  not  nore  than  6 n.  lith 

the  free  suspension  of  the  trolley  wire#  rigidly 
strengthened  only  at  end  points  and  freely  hung  in  inner 
bearings#  the  distance  between  the  supports  can  be  no  nore 
than  8 n.  The  height/altitude  of  the  suspension  of  trolley 

wires  nust  elininate  the  possibility  of  randon  touch  to 
then  fron  sex/floor#  the  earth/ground  and  working  ireas. 
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■ith  free  saspeasion  aust  be  provided  autonati: 
disconnect ion/cutoff  fron  the  network  of  all  trolley  wires 
in  the  case  of  the  break  of  any  of  the  nain  trolley 
wires. 


Clearance  aaong  the  parts  of  current  pickup,  mong  by 
trolley  wires,  the  parts  of  current  pickup  and  by  the 

parts  of  buildings,  by  aetal  structures  etc.  is 

establish/installed  not  less  than  5 cn. 

The  possibility  of  the  contact  between  theaselves  of 
trolley  wires,  the  parts  of  current  pickup,  and  also 

between  then  and  cargo  cords  nust  be  excluded.  Special 
enclosure/protections  on  tap/crane  aake  inpossible  tandoa 
touchs  to  the  trolley  wires,  which  go  along  shop.  The 
enclosure/protections  not  are  obligatory,  if  nain  trollies 

are  arrange/located  at  a distance,  not  exposed  to  then  fron 
tap/crane. 

Page  141. 

Hain  trolley  wires  fron  the  inoperative  surface  nust  be 
painted  in  bright  color  for  their  clear  isolation/liberation 
fron  structural  and  technological  constructions.  Trolley  wires 

i 
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on  tap/crane  aast  bo  arrange/located  above  the  fara/truss 
(bridge)  of  tap/crane,  with  the  exception  of  the  special 
tap/cranes,  which  do  not  allow/assune  this 

arrangeaent/perautation  of  wires.  In  the  last/latter  cases  of 

wire,  they  aast  be  arrange/ located  under  the  flooring  of 
fara/trass  or  protect/surrounded  so  that  the  touch  to  then 
it  would  be  iapossible. 

For  the  disconnection/cutoff  of  aain  trolleies  froa 

power  supply,  is  establish/installed  in  available  for  a 

rapid  disconnection/cutoff  places  the  switch#  in  closed 

housing,  with  device  for  a lock  to  lock  in  off  state.  It 
is  expedient  to  provide  the  signaling  of  the  reaote 
disconnection/cutoff  of  switch  froa  the  cabia  of  crane 
driver. 

The  cover  of  the  hatch,  which  leads  froa  the  cabin  of 
crane  driver  for  the  flooring  of  the  farh/truss  of 

tap/crane,  aast  be  equipped  with  device  of  the  blocking, 
which  autoaatically  disconnects  trolleies  on  the  farn/truss 
(bridge)  of  tap/  crane  with  the  opening  of  hatch  aad  output 

to  bridge.  In  this  case,  reversal  of  trolleies  under 
voltage  after  the  closing  of  hatch  cover  is  possible  only 
froa  cabin  after  the  preset  of  handles  or  flywheels  of  all 


J 
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controllers  to  sero  position. 

Device  for  the  autonatic  disconnect ion/cutoff  of 

trolleies  on  to  bridge  on  leaving  fron  it  is  linked  not 
only  with  the  opening  of  hatch  cover#  bet  also  with  the 
split  part  of  the  rails  (door)  of  the  end  bean  of 
tap/crane  in  the  place  of  inpet  to  bridge,  if  input  to 
the  tap/crane  through  the  bridge  is  solved  by  boiler  code 
conni ttee. 

If  the  cabin  of  crane  driver  is  fastened  on  cargo 
crane  truck,  then  the  autonatic  disconnection/cutoff  of 
trolleies  on  to  the  bridge  of  tap/crane  on  leading  to 
bridge  is  conducted  by  the  linear  contactor,  arrange/located 

on  to  bridge,  control  of  this  contactor  is  conducted  fron 
the  cabin  of  crane  driver  by  the  neans  of  suppleaentary 

Undetachable  trolleies,  which  are  located  under  voltage  not 
above  36  volts. 

In  the  case  of  the  feed  of  electric  crane  fron  the 
network  of  direct  current,  undetachable  trolleies  to  linear 
contactor  anst  be  arrange/located  under  the  flooring  of 
bridge  or  protect/surrounded  so  that  the  randoa  touch  to 
thea  it  would  be  iapossible*  If  in  this  case  in  cabin  is 
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provided  for  oatpat  to  flooring,  then  the  device,  vhich 
automatically  disconnects  trolleies  os  to  bridge,  is  linked 
nith  the  split  part  of  the  rails  (door)  in  cabin,  that 
separate/liberate  the  sork  site  of  crane  driver  of 
staircase. 


Oatpat  to  the  flooring  through  the  hatch  fros  the 
cabin,  strengthened  to  cargo  crane  truck,  is  not 

allov/assuaed. 

If  froa  tha  cabin,  strengthened  to  cargo  trolley, 
output  to  flooring  is  conducted  froa  the  laadLng  field, 

ahich  has  constant  staircase,  or  froa  the  gallery  of  crane 
ranvay,  then  the  autonatic  disconnect ion/cutoff  of  trolleies 
on  to  bridge  oust  be  interlocked  with  the  detachable  part 

the  rails  of  the  end  beaa  of  tap/crane. 

Of  the  revolving  (tower)  tap/cranes,  if  cabin  is 
arrange/located  on  the  revolving  part  of  the  tap/craae  and 

the  input  into  it  is  provided  for  fron  within  tower#  the 

opening  of  the  cover  of  the  hatch  of  cabin  is  blocked 
with  the  disconaection/cutoff  of  the  electric  notor  of 
rotating  aechanisa. 
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Pag*  142. 

■ith  the  d i*co« a ect ion/cutoff  of  the  electrical  egaipaent, 
establish/ last ailed  oa  tap/crane  and  hoist*  the  illoainatioa 
is  not  disconnected. 

Voltage  for  the  general  illaaination  on  the  fa rn/t rasses 
of  tap/crane  and  hoist  is  alloa/assaaed  not  aore  than  220 
volts  a . 

FOOT VOTE  a.  Under  the  condition  of  the 

arrangeaea t/per nutation  of  illaainating  lanps  at 

heigh  t/alt  it  ade  it  is  not  less  than  2.5  a.  BlOFOaiWig. 

Illoainatioa  in  cabin  vith  voltage  220  volts  can  he  allowed 
in  such  a case,  when  are  utilized  the  special  reinforcenent 
of  illaainating  lanps  and  the  electric  wiring,  which 
elininates  adnission  to  current-carrying  parts#  that  are 
located  under  voltage. 


The  voltage  of  repair  illaaination  is  reconneaded  not 
above  12  volts.  Flag  rocket  aust  be  establish/installed  ia 
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cabin.  Electrical  airing  in  cabin,  on  tap/crane  and  hoist 
is  nade  in  steel  tubes  or  by  cable  for  protection  froa 
sechanical  danagns.  So  that  all  egnipaent  components, 
arrange/located  on  tap/crane  and  which  is  located  under 
voltage,  would  be  not  available  for  a randon  touch,  are 
applied  the  corresponding  continuous  enclosure/protections# 
blockings  and  the  autonatic  disconnection/cutoffs  of  trolleies 
on  leaving  to  bridge,  specifically.  Bust  be  unavailable  the 
current-carrying  parts,  arrange/located  not  only  froa  of 
face,  but  also  fron  the  back  distributive  sheet  rubber- 


All  enclosure/protections  of  electrical  eguipeent  of  the 
distributing  frane  (panel,  controllers  etc.)  are  fastened 
reliably  and  solidly  into  avoidance  fron  dispiacenent  in  the 
«ork  of  electrical  tap/crane. 


The  width  of  passages  into  the  cabin  before  the  face 
of  the  distributing  frane  or  nagnetic  panels  is  accepted 
not  less  than  6 00  an*  It  is  necessary  that  the  Location 
of  instruaents  would  provide  to  crane  driver  the  possibility 
of  the  safe  tinning  of  tap/cranes.  Control  handles  Bust  be 
conveniently  arrange/located,  aechanically  be  held  in  the 
deterained  positions  with  the  aid  of  springs  and  have  a 

designation  of  the  direction  of  notion,  speed,  and  zero 

positions . 
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All  the  netallic  structural/design  parts  of  tha 
electrical  equipment  of  tap/cranes  and  hoists  - the  housings 
of  electric  sotors,  controllers,  the  jackets  of  equipaent, 
cabinets  of  resistor/resistances  and  so  forth,  and  also 
natal  construction,  crane  rails  and  crane  runways  - are 
grounded  in  accordance  with  the  rules  of  the  derice  of 
grounding  in  settings  up  by  the  voltage  to  1000  volts. 

The  device  of  cabin  and  the  arrangenent/pernutation  in 

it  of  electrical  eguipnent  nust  provide  to  crane  driver 
possibility,  without  converging  fron  place  to  control 
tap/crane  and  convenient  to  survey  operated  by  tap/crane 
area. 

The  cabins  of  tap/cranes  are  placed  under  the  flooring 

of  bridge  and  are  connunicat*d  with  flooring  sitb  the  aid 
of  staircase  with  handrails.  Cabin  is  arranged  of  the 
netallic  parts  not  less  than  1.8  n in  height;  its 

se  x/f  1 oo  r nust  be  the  wooden,  covered  rubber  flooring.  Cabin 
is  supplied  *ith  continuous  or  nesh  enclosure/protection  fron 
all  sides  not  less  than  1 n in  height  with  uoviag  fron 

within  door  for  an  input,  if  input  to  the  bridge  of 
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tap/crane  Is  arranged  through  the  cabin. 

Page  1*3. 

'The  cells  of  the  enclosing  grid  are  sade  with  size 
sot  sore  than  2X2  cn.  Grid  froa  below  on  15  ca  is 

sapplied  with  sawing  to  avoid  precipitation  of  any 
ob ject/sub jects  froa  cabin. 

On  all  pads*  the  balconies*  service  galleries  of 
tap/craaes  and  hoists*  and  also  of  the  end  beans  of  the 

bridge  cranes  aost  be  sade  the  enclosure/protectioas  with  a 
height/a It it ode  of  1 a with  continuous  sewing  on  base  to 
height  15  ca.  0a  vertical  staircases  whose  height  is  nore 


than  5 

a at 

a distance  3 

a 

of 

floor 

level 

arrange 

special 

enclosure/protections 

in 

the 

fora 

of 

the 

aetallic 

arcs*  distant 

froa  each  other 

not 

sore 

than 

on 

0. 8 a. 

In  aetallurgical  plants  the  protection  of  crane  drivers 
froa  the  action  of  radiant  heat  is  conducted  by  aeans  of 
device  in  the  cabin  of  flooring  froa  the  aaterial*  which 
badly/poorly  carries  out  heat-  Cabin  itself  is  nade  froa 
the  inconbustible  aaterial.  In  cabin  are  aust  constantly  it 
is  located  staircase  froa  steel  cable  for  the  output  of 

1 


w 
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crane  driver  from  cabin  in  the  case  of  eaergency.  In  the 
close)  cabin  of  crane  driver,  who  operates  netallnr gical 
Plants,  besides  the  observance  of  requireaents  indicated 
above,  one  should  have  inside  forced  ventilation. 

In  shops  vith  the  vide  application  of  electric  velding 
work  it  is  necessary  to  provide  for  the  protection  of 
crane  drivers  froa  the  effect  of  the  ultraviolet  radiations 
of  electric  arc. 

In  the  shops  where  according  to  the  conditions  of 
production  is  possible  the  isolation/liberation  of  harnful 
▼apors  and  gases,  the  application/use  of  tap/cranes  vith  the 
cabin,  strengthened  to  cargo  crane  truck,  is  forbidden. 

Cabins  for  the  tap/cranes,  working  in  cold  locations  or 

in  the  open  air,  nust  be  closed  fron  all  sides,  are 
glased  and  warned.  During  the  cold  season  of  the  year  of 

cabin  necessary  to  earn  by  the  electrical  furnaces  of  safe 

constructions. 

Sleet rical  tap/cranes  are  also  eguipped  vith  a series 

of  devices,  which  ensure  their  safe  operation:  by  proper 

braking  device,  liaiters  of  the  notion  of  load  capacity,  by 

liait  switches,  by  coeatorwoigkts,  indicators,  by 
fire*  fighting  non  ns,  etc. 
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Chapter  2 A. 


TBUNDBBSTOBH  PBOTECTIOM  OP  BBILDI BGS  AMD  I MS7  ALL  ATIOM  S. 

1.  Thunderstorm  phenomena. 

Thunder stora  is  the  complex  phenomenon  of  nature,  caused 

• 

by  the  onset  of  the  considerable  electric  charges  in  the 
atmosphere,  with  sufficient  accumulation  of  vhich  occurs  the 
discharge  between  two  dissimilar  charged  clouds,  either  the 
doOd  and  the  earth/ground  or  thereby  and  by  others  (Pig. 
210). 

The  Barth  Ls  enormous  conductor  with  extremely  large 
resetwe  of  the  electricity  of  negative  charge,  equal  on 
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calculations  Q * 5.4  • 10*  k. 

la  tke  ataosphere,  which  surrounds  the  earth/ground, 
there  is  an  electric  field,  directed  noraal  to  the  earth's 
surface.  The  conductivity  of  air  in  the  ataosphere  with 

distance  froa  earths  surface  decreases;  therefore  the 
strength  of  field  does  not  reaain  constant/invariable  - it 
with  respect  decreases,  so,  if  at  level  of  sea  the 

strength  of  field  in  clear  weather  aaounts  on  the  average 
to  of  120  V / 77ts  (i.  e.  during  lift  on  1 a 

potential  it  increases  by  120  V then  at  the  level  3 ka 

the  strength  of  field  will  be  equal  only  to  25  V/ / - 
dft>»  it  altitude  80  ka,  where  the  air  becoaes  the  saae 
electro-conductive,  as  sea  water,  the  strength  of  field 
coaposes  a total  of  4 • 10“"*  Wt’Z',  potential 

earth  referenced  reaches  value  200*213  kV. 

To  Pig.  211,  are  given  the  curved,  characterising 

change  iatensity/strength  of  field  and  potential  in  the 
height/altitude  of  the  ataosphere,  counting  froa  the  earth's 
surface,  in  clear  weather.  However,  the  strength  of  field 
and  its  potential  sill  correspond  to  the  indicated 


char acter i st ics 

only  in 

that 

condition 

that 

the 

earth's 

surface  is  the 

plane. 

which 

does  not 

have 

the 

increased 
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ob ject/sub jects.  In  this  case  electrical  field  can 
represented  by  Pig.  212a,  where  the  lines,  which  go  in 
parallel  to  the  earth's  surface,  show  equipoten tial  surface 


The  increased  on  the  earth's  surface  object /sub jects  o 
aountaiaoas  terrain  substantially  change  the  picture  of  the 
distribution  of  telluric  field. 


Page  *51. 


Lightning  discharges 
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Pig.  211.  Change  ia  strength  and  potential  of  the  field  of 
the  earth/ground  in  height/altitude  froa  ground  letral. 


Key: 

(1).  Distance 

froa 

the 

ea rth's 

surface  8 

ka. 

(2) 

Field 

C*o 

Potential  ia 

. (-  ,'r\  o 'A 

kT. 

(3). 

Strength 

in  water 

ia 

oil. 

Page  452. 

Any  increased  object/subject  of  artificial  or  natural  origin 
raises  egaipotential  surfaces  and  draws  together  then  between 
thenselves,  so  that  the  strength  also  of  potential  draws 
together  then  between  theaselves,  so  that  strength  and  the 
potential  of  electric  field  in  these  places  can  achieve  the 
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significant  aagnitude  (see  Pig.  212b|  • This  property  of  the 
increased  object/sab jects  they  use  with  the  device  of 
lightnings-arrestor*  in  order  to  create  the  previously 
outlined  path  for  a lightning  discharge  and  to  ensure 
protection  fron  daaage/ defeat  to  then  (see  Pig.  212c) . 

Because  of  the  existence  of  electric  field  in  the 
clear  weather  through  the  ataosphere*  occur/flow/lasts  to  the 
earth/ground  the  electric  current  with  average  density 

2*6* A/cs*,  comprising,  with  respect  to  the  entire 
ea  rtha  s surface*  1300  A.  On  the  explanation  of  soae 

scientists*  this  current  is  conpensated  for  by  the  currents 

of  ttrundarstora  discharges*  since  the  otherwise  electric 

field  of  the  Barth  would  be  elininated.  During  thunderstorss 
the  electric  field  undergoes  abrupt  changes,  and  the 
strength  of  field  reaches  the  enoraous  values*  which  cause 
the  phenouena  of  lightning  discharges. 

There  is  a series  of  scientific  theories*  which  explain 

reasons  and  the  picture  of  the  onset  of  lightning 

discharges.  Thunlerstora  cloud  is  not  a good  conductor  and 

possesses  higher  insulating  properties*  than  dry  air.  This 

is  explained  to  the  facts  that  in  the  charged  cloud  there 
are  no  free  electrons  and  ions*  which  cause  the 
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conductivity  of  air*  since,  after  arising*  they  they  are 
connected*  they  are  linked  with  water  droplets  they  sake 
little  sowable.  only  during  the  onsnt  of  significant 
potential  differences  between  the  individual  parts  of  cloud 
or  the  cloud  and  the  earth/ground  cloud  sakes  well  carrying 
out.  With  the  accumulation  of  electric  charges  in  clouds* 
the  electric  intensity  and  potential  increase. 
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Page  *53. 


Thus, 

for  the 

onset  of 

lightning 

discharge 

- 

lightning 

- it  is 

necessary 

that  the 

electric 

intensity 

of 

cloud 

would  exceed  its  dielectric 

strength. 

8ith  the 

indicated 

strength 

froa  the 

spherical 

surface  of 

drops. 

will 

be  begun 

bunch-like 

discharge 

• This  discharge  will  create 

before 

itself  the  conducting  path,  thanks  to  which  discharge  will 
advance. 


Holniya  is  the  physical  phenoaenon  of  the  violent 
discharge  of  the  saved  ataospheric  electricity.  This 

i 

discharge  is  received  by  oar  view  in  the  fora  of  the 
igneous  bands  of  zigzag,  tape/strip  or  beaded  fora.  Usually 

the  phenoaena  of  lightning  are  accoapanied  by  soaic  effect 

by  the  called  thunder.  Since  the  speed  of  sound  is 

altogether  only  330  a/s,  and  the  speed  of  light  - 300,  000 

ka/s,  the  phenoaenon  of  thunder  delays  in  coaparison  with 
the  phenoaenon  of  lightning. 

On  the  basis  of  nuaerous  scientific  experiaeats  and 

investigations,  are  establish/installed  the  quantitative 
characteristics  (paraneters)  of  lightning,  which  aake  it 

possible  or  less  soundly  aore  to  produce  the  calculation  of 
the  device  of  rational  anti-thunderstorn  protection.  Are 

given  below  the  quantitative  characteristics  of  the 
thunderstora  phenoaena  according  to  I.  S.  StekoL* nikova* s 
generalized  data: 

1)  the  intensity  of  the  field  of  cloud  of  the  earth*s 


surface  before  the  discharge  is  froa  5 to  300  kV/a; 
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2)  the  potential  of  cloud  - fron  100  Billion  to  1 
billion  v*|t**, 

3)  tiie  of  the  single  discharge  of  cloud  is  fron  15 
to  1000  ps; 

* i-  4)  tine  of  the  full  charge  of  cloud  - 1.13  s. 

The  given  characteristics  are  related  to  band  or  ribbon 

lightnings,  which  represent  the  greatest  danger  for 
ground-based  objects.  However,  it  is  necessary  to  note  that, 

besides  band  lightning  as  nore  rare  phenonenon  there  is 
so-called  globular  lightning  whose  physical  essence  is  still 

little  studied.  There  is  an  explanation,  that  globular 
lightnings,  which  appear  during  the  powerful  lightning 
discharges  in  the  fora  of  igneous  spherical  bodies,  are  the 
higher  connections  of  nitrogen  with  oxygen  or  ozone,  which 
possess  with  property  to  be  detonated  during  cooling. 

Globular  lightnings  can  not  only  deposit  burns,  but 
also  nortallT  strike  people  and  aninals.  They  can  cause 
also  the  deconpositions  of  buildings.  However,  conte npor ary 

science  still  do  not  know  sufficient  Beans  of  defense  fron 
this  very  interesting  phenonenon  of  nature. 


< 
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2.  Thuaderstora  defeats  of  ground-based  objects  and  people. 


The  probability  of  the  thunderstora  daaages  of 

groand-based  objects  - buildings,  installations#  people# 

r 

aaiaal  - is  first  of  all  deterained  by  aeteorological 

i 

conditions  aad  area  relief.  Furtheraore#  as  shows  research 
on  this  guestion  and  investigation  of  the  individual  cases 
of  threads  rstora  daaage/defeats#  soil  conditions  play  also  the 
isportant  role  in  the  foraation/education  of  lightning 
discharge  and  explain  the  so-called  Selective  vulnerability 
°f  lightning. 

Specifically#  the  branched  character  of  the  separate 
discharges  should  explain  by  different  ground  conductivity. 
Speaking  about  branching  of  lightning  discharge#  incidentally 
it  should  be  noted  that  if  during  branched  discharge  the 
hit  probability  into  any  point  of  the  earth*s  surface  is 
sore  than  with  that  which  was  not  branched#  then  aith  just 
one  quantity  of  electricity#  included  in  cloud#  the  branched 
discharges  are  less  destructive. 
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It  is  obvious  that  one  or  tbe  other  quantity  of 
thunderstora  cloud-to-ground  discharges  will  depend  to  a 


considerable 

extant 

on  the 

nutual 

placenent  of  the 

area 

the 

posit ive 

and 

negative 

charges 

of  thunderclouds 

and  i 

its 

location 

with 

respect 

to  the 

earth's  surface. 

The 

fornation/education  of  thunderclouds  and  their  location  earth 
referenced  in  tarn*  is  caused  by  the  character  of  air 
currents  and  teaperature  conditions,  i.e. , by  the  aerodynaaic 
and  thernodyaaaic  conditions*  vhich  have  the  here  preceding 
value. 


Thus*  the  veather  condition  as  a whole  deternines  the 
tbunderstora  characteristic  of  one  or  the  other  area  and 

predeteraines  the  degree  of  its  store  vulnerability.  On  the 
basis  of  statistical  evidence  and  indications  in  the 

literature*  it  is  known  that  the  average  annual  quantity  of 

thunderstorns*  deternined  during  the  relatively  prolonged 
period  of  tine  (is  not  less  than  10  years),  it  reaains 
for  each  area  nor*  or  less  constant.  Having  the  indicated 
data*  it  is  possible  to  dispose  of  the  aap/chart  of  stora 
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vulnerability,  which  nates  it  possible  first  of  all  to 
raise  the  question  concerning  the  need  or  for  the 
advisability  of  the  device  of  anti-thunderstor*  protection 
for  the  nost  beaten  concrete/specific/actual  locality. 

For  the  characteristic  of  storn  vulnerability  vital 
iaportance  they  can  have  descriptions  of  individual  cases  of 
the  thunderstorn  daaages  of  ground-based  objects.  These 
descriptions  are  also  of  scientific  interest,  since  they 
aake  it  possible  in  aany  respects  to  coapare  these  or 
other  the  torque/aoaents  of  daaage/def eat  vith  the  results 
of  scientific- research  work  and  to  obtain  in  certain  cases 
the  critical  evaluation  of  one  or  the  other  safety  device 
and  its  value.  Therefore  is  very  iaportant  comprehensive 
research  on  the  occurred  in  actuality  lightning  discharges, 
connected  vith  those  or  another  danage  of  ground-based 
objects.  Unfortunately,  not  all  cases  of  thunderstorn 
danage/defeats  find  the  appropriate  reflection  in  the 
literature  and  not  alvays  is  given  coaprehensive  description 
of  all  conditions  of  thunderstorn  da a age/defeat. 

So  that  of  the  description  of  thunderstorn 
danage/defeats  it  would  be  possible  to  draw  nore  or  less 
full-valued  conclusions  on  the  questions  interesting  (for 
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example,  about  the  coefficieat  of  protection,  the  coefficient 
of  daaage/defeat,  selective  vulnerability  and  so  forth),  is 
necessary  the  exaaination/inspection  of  thunderstorn 
daaage/def eat  and  its  study  to  conduct  according  to  the 
determined  systen  in  which  nost  completely  would  be 
re*eal/detected  and  were  reflected  all  factors  of 
thunderstorn  danage/defeats<  For  this  purpose  it  is  possible 
to  propose  the  following  diagraa  of  the 
exaaination/inspection  of  tunderstora  damages: 


1.  Place.  Coaplete  name  and  the  address  where  occurred 
lightning  discharge. 


2.  Date.  Nuaber*  month,  the  year  of  the  described 
phenomenon,  the  tine  of  days  (beginning  and  the  en d/lead  of 
the  observed  phenonenon). 

Page  4S5. 


3.  Heteorological  conditions.  Thunderstorn,  rain,  deg, 
the  snow,  the  hurricane,  the  wind,  the  direction  of  the 
nind,  wind  velocity,  the  temperature  of  air. 


4.  Fora  of  lightning.  Band,  continuous,  is  beaded* 


DOC  - 77233407 


PAGE 

spherical;  with  band  lightning  to  note  that  is  it  branched 
towards  the  earth's  surface  silt  not  branched;  at  globular 
lightning  indicator  its  value,  color  and  fora. 

5.  Path  of  lightning  travel  (according  to  data  of 
direct  inspection  on  the  spot  of  discharge)  with  respect  to 
ground-based  object/subjects,  place  of  its  appearance, 
disappearance,  traces. 

6.  Deconposi tions,  produced  by  lightning.  For  deternining 

zone  of  protections  or  lethal  areas,  is  given  the  scheaatic 

layout  of  the  affected  object  and  its  surrounding  objects 
with  the  indication  of  their  relative  distance  and 

height/altitudes  in  neters.  It  is  inportant  to  apply  to  the 
plan/layout  for  the  photograph  of  the  place  of  daaage/defeat 

with  the  nark  of  size/dine ns ions  in  plan/layout,  incidentally 
are  indicated  the  paths  of  lightning  and  in  what  consisted 

its  destructive  action. 

7.  Presence  of  trees,  basins  and  other  objects subjects 

(electrical  aerial  networks)  near  affected  objects.  The 

character  of  soil  is  clay,  sand,  chernozen.  Short 

characteristic  and  location. 
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8.  Fires  and  daaage/defeats.  Are  given  detailed 
indications,  van  accoapanied  deconposit ion  by  fires,  the 
defeat  of  people  or  aniaals*  During  people* s defeat,  it  is 
noted  whether  aid  was  rendered  and  of  what  it  consisted; 
which  character  of  daaage/defeat ; with  satisfactory  issue  for 
casualties  froe  their  words  are  indicated  their  perceptions 
and  health. 

9.  Action  of  anti-store  protection.  During  thuaderstora 
daaage  of  electrical  devices  and  industrial  enterprises, 
which  ha*e  anti-stora  protection,  is  indicated  its  action. 


10.  The 

cause  of 

store  daaage. 

Besides 

the  noted 

data,  it  is  desirable  to  show 

all 

the 

supplenentary  torgue/aoaents,  which 

in  aore  detail 

aake 

it 

possible 

to  refine 

and  to  present 

the  picture  of 

the 

occurred  thunderstorn  daaage/defeat. 

During  this  thorough  and  detailed  description  of  each 
thunderstorn  phenoaenon,  can  be  asseabled  rich  statistical 
ante  rial. 

It  will  be  the  valuable  contribution  to 
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coaaon/geaeral/total  work  on  research  on  lightning,  it  will 
■ake  it  possible  to  check  the  results  of  scientific 
experimental  investigations  and  expediently  deteraine  shielding 
actions. 

Are  given  below  short  descriptions  and  the  illustrations 
of  soae  cases  of  thunderstorm  daaage/def eats. 

Case  1.  1936,  the  station  at  Tepifan*  (eng.  A.  P. 

Belyakova*  s report/coaaunication) . On  the  open  place  on  the 

way  to  city  lightning  struck  to  death  woman,  who  went  in 

anto.  Chauffeur,  who  sat  in  front,  remained  living  (Pig. 
213a). 

Case  2.  1931,  Kalinin  district,  village  pf  Berezino 

(eng.  A.  P.  Belyakova's  report/coaaunication).  During  the 
powerful  thunderstorm,  which  was  being  acconpanied  by 
abandant  rain,  is  struck  to  death  by  lightning  the  aan, 
who  was  being  located  in  wooden  house. 
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Page  *57, 

The  roof  of  louse  is  shingle.  Lightning  haaaered  into  the 
ridge  of  the  roof,  it  traversed  the  garret  to  ceiling , 
then  to  the  hung  on  wall  nirtor,  fron  it  - to  nan  and 
farther  into  the  sex/floor  and  the  earth/ground.  In  ceiling 
and  sex/floor#  are  reveal/detected  the  opening/apertures  with 
a diaaeter  of  2 ca  with  the  singed  edges.  Hirror  is 
broken  and  is  re ject/thrown,  glass  in  windows  are  broken, 
colors  cut.  In  the  house  of  large  netallic  object/subjects, 
it  was  not.  On  casualty  was  wet  clothing,  which  could 
favor  discharge.  Lightning  stroke  by  fire  was  not 
acconpanied.  Rear  the  house  of  no  high  object/subjects 
(buildings,  trees)  it  was  located,  and  lightning  stroke  into 
house,  apparently,  occurred  precisely  for  this  reason. 

At  the  torgue/nonent  of  discharge  about  casualty  at  a 

I 

distance  fron  0.7- 1.2  a,  played  the  children  who  were 
stunned,  but  lived  (see  Fig.  213b). 

Case  3.  1937,  Ho scow,  Rizhniy-Rovgorod  street,  d.  S3 


rw ' 
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(i.  I.  Akopyan* s report/coaaunication)  . Lightning  struck  to 
dsath  woaan,  who  u as  being  located  in  wooden  barracks. 

Daring  its  approach/approxination  to  the  switch  of  electric 
wiring,  arrange/located  to  height/altitade  2 a of  floor 
level*  occurred  the  discharge  fro*  switch  to  head  wosan 
through  the  air  gap  of  approziaately  0.5  n.  Casualty, 
without  cowing  into  consciousness,  it  died. 

By  the  reason  for  daaage/defeat  one  should  recognize 
the  drift  of  high  potential  in  internal  electrical 
illuainating  wiring  through  air  input/introduction.  Due  to 
the  absence  of  the  traces  of  the  direct  iapact  of 
lightning  into  external  electrical  illuainating  line  upon  the 
exaaination/inspection  of  this  case,  was  aade  the  assuaption 
about  the  appearance  of  high  potential  as  a result  of 
electronagnetic  induction  with  lightning  stroke  hereabout  fron 
light-power  line  of  barracks.  Besides  casualty,  in  barracks 

were  situated  other  wonen  who  reaained  living.  On  the 

casualty  of  burns  and  blackening  it  is  not  re veal /detected. 
The  reason,  which  caused  daaage/defeat,  one  should  consider 
the  absence  of  the  grounding  of  the  insulator  pins  of  air 

electric  systen  (see  Pig.  213c). 


Case  4.  1954;  the  collective  faraer  of  kolkhoz 
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"Krasnaya  gryada"  want  over  field  and  conducted  far  bridle 
horse.  The  horse  hit  the  lightning  discharge.  Collective 


faraer  fell  together 

with 

horse. 

Hot 

*• 

was  killed. 

In 

collective  faraer  they 

were 

observed 

the 

short-tern 

loss 

consciousness,  nuahness 

and 

the 

loss 

of 

possibility 

to 

legs  a»d  the  right  hand  by  which  it  held  bridle  and  cane 

into  contact  with  its  netallic  part  (see  Pig.  213d). 

Case  5.  1936,  the  station  at  Yepifan',  settlement  (eng. 

A.  P.  Belyakova's  report/coanunication) . Indoor  of  printing 
house  of  telephone  set,  are  struck  by  the  lightning  of  two 

people  as  a result  of  the  transition  of  lightning  fron 
tree  to  telephone  wires-  About  house  at  a distance  2 a, 

was  located  the  poplar  with  a height/altitude  of  10  a,  the 

height/altitude  of  house,  counting  with  the  horse  of  roof  - 

5 a.  lightning  hanaered  into  poplar,  it  cut  its  top 
npproxiaately  2.5  a in  long,  it  split  crust  to  the  wiring 

point  of  telephone  wires,  it  noved  to  vires,  on  then 

passed  inside  building,  on  walls  and  bypassed  the  people 
at  the  telephone.  Simultaneously  the  lightning  traversed  the 
roof  to  walls. 


1 
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Ika  reason  for  daaage/defeat  was  the  absence  of  the 

necessary  protection  froa  the  lightning  of  building  itself 
and  telephone  wiring,  aoreover  in  iaaediate  vicinity  of 
building  was  located  high  tree  that  it  is  logical,  it 
increased  stora  vulnerability  (see  Fig.  213e). 

Case  6.  1958,  Koloana  area,  Roscow  region  (eng.  P.  A. 
TUriko*a*s  report/coaaunication  and  eng.  A.  8.  Kuznetsov). 
During  thunderstora  by  direct  strike  were  disintegrated  two 
wooden  supports  of  air  lighting  lisa.  Electronagnetic 

thunderstora  waves  penetrated  in  three  houses  of  village, 
illuaiaated  froa  this  line.  As  a result  of  the  penetration 
of  thunderstora  waves  into  houses,  occurred  the  lightning 
discharges  with  different  consequences* 


in  the  first  house  thunderstora  wave  froa  the  switch, 
arrange/located  at  height/altitude  1.5  a of  floor  level, 
through  air  gap  into  10  ca  passed  to  the  net  a 1 lie 
chain/aetvork  of  hour-clock,  hanging  on  wall,  and  further 


\ 

i 
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through  the  air  gap  ia  35-40  ca  - to  the  stood  on 
sez/fioor  sewing  machine  and  into  the  earth/grouad. 

In  the  arranged/located  on  the  contrary  house 
thenderstors  *«»•  froa  the  receptacle*  intended  Cor  the  feed 
of  radio  receiver  and  arrange/located  at  height /a It it ode  1 a 
of  sez/floor*  through  the  ait  gap  in  10  ca,  passed  to 
eoodea  strut  (30  ca)*  also*  froa  strut  to  the  grounding  of 
radio  receiver.  Fortunately*  in  both  these  cases  the 
lightning  discharge  applied  oaly  soae  damages. 

In  the  third  house*  arrange/located  independently*  at  a 
distance  1 ha  of  village  and  connected  the  saae  lighting 
line*  the  penetrated  through  air  input/introduction 
thunderstorm  wava  froa  the  switch*  arrange/located  about 


window*  through  the 

air 

gap  in 

50-6  0 ca*  aowed 

to  sat 

of 

switch  girl's  head 

and 

sort ally 

her  it  struck. 

Rest  to 

the 

girl  sat  another*  »ho  obtained  the  burn  of  legs.  The  third 
girl*  who  was  being  found  at  that  torgue/noB#nt  of  opposite 
side  of  table*  was  reject/thrown  into  another  end/lead  of 
the  rooa* 

Case  7.  196  0*  Angarsk  (report/coaaunication  of  the 

correspondent  of  the  newspaper  "Proceedings") • At  urban 
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stadias  played  the  football  players  of  local  coanaad/crews 
"Moatazhnik"  and  "Torpedo".  las  distinct  weather*  and  the 
athletes  and  fans  involved  with  the  gaae  did  not  notice 
that  froa  behind  the  Sayany  oninoos  clouds  appears) • Sere 
heard  thander  an rolling/reelings.  Spectators  scattered*  bat 
football  players  continued  gane*  following  known  rale  "natch 
takes  place  in  any  weather",  when  players  were  grouped  at 
gates*  in  then  bannered  the  lightning*  as  a result  of 
which  three  athletes  were  struck*  one  of  then  ~ eortally. 

It  is  hence  clear*  what  value  for  safety  during 
thunderstorn  they  have  not  only  devices  of  lightning 
protection*  but  also  people »s  behavior. 

3.  Reed  for  thunderstorn  protection. 

Rational  thaaderstora  protection  is  of  ezceptioaal 
significance  for  the  preservation  of  the  life  of  workers 
and  prevention  of  aaterial  dan age. 


Page  *59. 
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The  destructive  action  of  lightning  is  possible  with  direct 
direct  in pact,  through  the  drift  of  potential  on  overhead 
conductors  or  through  induction,  i-e>,  through  effact  on 
distance.  As  this  follows  of  the  given  above  cases  of 
thunderstoru  daaage/defeats,  and  also  fron  a series  of 
others,  the  absence  of  storu  protection  or  its 

unsatisfactory  state  can  be  the  reason  for  the  lethal 

injury  of  people,  fires,  decoa posit ions,  blasts. 

nolniya  selects  the  way  of  the  saallest 

resistor/resistance,  passing  through  the  different  aetallic 
and  other  object/sub jects  with  highest  conductivity;  in  this 
case  the  conductivity  of  the  nediua  through  which  passes 
the  lightning  discharge,  is  deteruined  not  only  by  the 
direct  electrical  resistance  of  the  path  of  the  current  of 
lightning,  but  also  by  its  self-induction,  which  has 

especially  large  value* 

To  this  are  explained  the  phenoaena  when  lightning 
junps  fron  the  specially  laid  vires  of  storn  protection  in 
the  places  of  their  sharp  bends  where  as  a result  of 
curvatures  is  created  the  considerable  self~inductioa , 
hindering  the  passage  of  the  current  of  lightning.  Proa 
this  suae  point  of  view,  becoaes  clear  the  phenouenon  when 
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lightning  strikes  the  lowest  pieces#  bat  possessing  the 
snellest  resistor/resistance  of  soil  in  conparison  with 
higher  places*  Finally#  it  is  understandable  also#  why 
lightning#  after  bannering  into  the  tree#  hawing  high 
resistor/resistance  of  roots#  it  is  noted  through 
considerable  air  distances  (seweral  aeters)  to  the  adjacent 
houses  which  hate  better  ground  connection  through  the 
systen  of  water  pipe#  channeling#  etc. 

She  action  of  lightning  is  expressed  in  theraal  or 
aechanical  effect.  An  enoraous  quantity  of  heat*  isolated  by 
the  current  of  lightning#  and  the  phenonenon  of  the 
lightning  discharge  through  air#  when  are  near  located 
easily  ignited  objects#  serwe  as  a reason  for  the  onset  of 
fires.:  Lightning  strokes#  besides  fires#  can  also  cause 
considerable  aechanical  danages;  in  this  case  the 
deconposition  it  will  be  the  greater#  the  lesser  the 
conductiwity  possesses  the  object  which  hit  lightning  stroke. 


The  greatest  probability  and  the  danger  of  aechanical 
deconposition  represent  those  objects  which  possess  high 
resistor/resistance  to  the  passage  of  current  and#  being 
located  highly  in  conparison  with  the  surrounding 
object/subjects#  are  aore  subjected  to  lightning  strokes  as# 
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for  exaaple,  brick  factory  and  plant  tubas  (Pig..  214), 
to war,  balfrias,  trees,  etc.  The  destructive  action  of 
lightning  especially  visually  is  developed  during  the 
tkanderstora  dan  ages  of  trees. 


On  the  contrary,  on  aetallic  object /sub jects  and  the 
vires  of  a sufficient  section  of  no  destructive  traces  fron 
the  current  of  lightning  it  is  detected.  The  observed 
soaetines  cases  of  the  extraction  of  the  attachaent  of 
vires,  their  bending,  apparently,  are  explained  by  the 
action  of  the  elect rod ynaaic  forces  of  lightning,  in  the 
sane  *ay  as  this  occurs  in  heavy  electrical  plants  fron 
short-circuit  current.  Houever,  lightning  discharges  represent 
the  greatest  danger  in  the  relation  to  fires. 

Page  460. 

Pig.  215,  shoes  the  deconpositions,  produced  by 
lightning.  These  illustrations  convincingly  speak  about  the 
value  which  has  properly  carried  out  stora  protection,  and 
about  the  conseguences  of  its  absence. 

j 

4.  Types  of  lightning  protection  (lightnings-arrestor) . 
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Por  the  praservation  of  buildings  asd  installations  froa 
the  destc active  effect  of  the  prisery  and  secondary 
aanifestations  of  lightning*  east  be  provided  for  the 
corresponding  protective  seasures.  The  totality  of  all 
actioqs*  directel  to  this  target/pnrpose*  coa  poses  lightning 
protection. 

Por  the  characteristic  of  zone  of  protections  of  the 
different  types  of  arrestors*  are  introduced  the  coefficients 
of  the  protection  which  deternine  the  ratio  of  a radios  of 

the  shielded  cone  to  the  height/altitade  of  arrestor.  In 
so  ne  practical  cases  with  the  inpossibility  to  deternine  the 
coefficient  of  protection  is  introduced  the  coefficient  of 
danage/def  eat*  which  expresses  distance  ratio  fron  the  object 
dsnaged  by  thnnderstora  discharge  to  the  nearest  arrestor  or 
the  object*  which  plays  the  role  of  arrestor*  to  their 

altitude  difference- 


Pig.  214.  Smokestacks,  destroyed  by  lightning  strike. 


Page  461. 

Antistorm  protection,  which  has  as  its  designation/purpose  to 
receive  lightning  discharge  - lightning  - and  to  safely 
carry  it  off  to  ground,  is  nore  right  to  call 
lightning- arrestor • The  existed  previously  determination 
"arrestor*  is  actually  erroneous,  since  thunder  is  assigned 
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be  it  cannot;  therefore  in  the  exaaination  of  contesporary 
safety  nethods,  they  subseguently  are  called 

light  sings*- arrest  or*  Thus,  lightning-arrestor  is  the  previously 
provided  for  and  technically  correctly  carried  out  path  for 
the  current  of  lightning,  thanks  to  shich  with  tka 
thunderstorn  ones  a series  lightning  cannot  produce 
decoaposit ion  or  fire* 

I i 

The  fuadaneatal  contemporary  types  of  lightning*- arrestors 
li  for  protection  of  buildings  and  installations  froa  direct 

lightning  discharges  are:  1)  divertor  (bolt,  rod)  protection; 
2)  cable  protection  even  3)  grid  protection.  Portheraore. 
there  are  interaediate  types  of  lightning  protection. 


Any  lightning-arrestor,  independent  of  design,  consists 
of  three  fundaaantal  cell/eleaents:  lightning  receiver, 
current  tap  and  grounding  electrodes  or  groundings. 


77233408 


Fig.  215.  Decompositions  by  lightning,  a)  lighting  cable*  b) 
wood  work  of  boilding*  c)  concrete  basin. 


lightning  collectors,  or  air  terainais*  ace  the  highest  part 
of  the  lightning  conducting  device  and  serve  for  the 


race pt ion/ procedure  of  lightning  discharge  - lightning 
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its  supply  to  other  parts  of  the  lightning- protection 

device.  Current  taps  - this  is  the  cell/eleaent  of 

protection*  connecting  the  lightning  collector  with  grounding 
electrodes  and  intended  for  the  safe  renoval/outlet  of  the 

current  of  lightning  (lightning  discharge)*  accepted  by  air 

teraiqal*  into  the  grounding  device.  Grounding  electrodes  are 
itself  the  low  part  of  safety  device*  placed  into  the 

earth/ground  and  which  has  as  a goal  to  create  it  is 
possible  saallest  resistor/resistance  between  the  current  tap 
and  the  earth/ground*  i.e. * to  support  the  satisfactory 
operation  of  lightning-arrestor  as  a whole.  Before  passing 
to  the  exaniuation  of  the  separate  cell/elenents  of  the 
lightnings-arrestor  of  systens  indicated  above*  let  us  pause 
at  the  questions*  which  have  the  coanon  value. 

hs  naterial  in  the  device  of  antistors  protection* 
apply  nainly  galvanised  iron  of  different  section  and  forn 

depending  on  its  designatioa/purpose:  iron  cables*  band*  rod 
iron*  tubes*  plate/slabs*  grids*  etc.  Iron  has  advantage 

because  of  high  nelting  point  and  relative  to  low 
cost/value.  The  application/ use  of  copper  is  expedient*  since 


ia 

it  is 

absent  reluctance* 

but 

dee 

to  the 

high 

cost/val m 

of 

copper 

froa  its  wide  use 

it 

is 

necessary 

to 

refuse. 
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The  selection  of  the  section  of  vires  in  the  relation 
to  the  represented  by  then  resist or/resist nnce  does  not  play 
a role,  because  here  decisive  in porta nee,  as  it  is  said 
above,  has  self- induction*  For  the  conversion  of  electricnl 
energy  of  lightning  discharge  into,  the  theraal  resistance 
of  wire  has  known  positive  value;  therefore  when  selecting 
wire,  they  are  guided  first  of  all  by  teaperature 
conditions,  allow /assuning  this  section  of  the  wire  by  which 
the  current  of  lightning  could  not  it  aelt.  For  this 
purpose  they  use  either  fornulas  indicated  below  calculation 
* or  the  establish/installed  by  practice  data  of  the 
recoaaended  sections  of  wires. 

FOOT MOTE  *.  Are  undertaken  fron  the  book  of  i.  s. 

Stekol* nikova  *Holniya«#  publ.  of  the  As  0SS8,  1940. 

IlDFOOTfOTB. 

If  we  accept  the  specific  gravity/veifht  ef  copper  y*=9,83 
and  the  specific  gravity/ve  ight  of  iron  *{*=7,86,  then  the 

current  of  discharge,  necessary  for  aeltiag  of  *ira,  will 
be  deteraiaed  fron  the  relationship/ratios: 
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for  copper 

/«  = 348  000  — f!js- ; 

for  the  gland 

/,=  111000^, 

■here  g ie  a section  of  wire  in  nn«;  t is  tine  of  the 

drop  of  the  carrent  of  discharge  fron  aaxiaua  value  to 
SOo/o  it  into  ps* 

Is  follows  fron  the  available  paraneters  of  lightning* 
t can  vary  fron  15  to  1000  ys  and  on  the  average  can  be 
accepted  equal  to  100  ms* 

Page  463. 

The  section  of  all  cell/eleaenfs  of  lightaiag-arrestor 
is  selected  not  only  according  to  calculation  for  the 

heatiqg  by  the  current  of  lightning*  but  sinultaneously  are 

considered  the  reguirenents  for  the  greatest  aechanical  and 

chenical  strength*  The  section  of  lightnings-arrestor  oust  be 
not  less  than  50  an**  In  the  especially  critical  cases* 

and  also  in  high~altitude  buildings  - section  it  is  not 
lens  than  100  an*.  The  section  of  the  iron  vires  of  the 

current  taps  of  those  who  were  not  branched  - is  not  less 


k 
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tku  SO  ns*  and  branched  25*35  an*.  BoMnrf  •her*  it  is 

possible  to  utilise  copper  wires,  their  section  in 
conpnrisoa  with  iron  east  be  decreased  by  half.  The  rapidly 
changing  currents  of  lightning  discharge  cannot  penetrate 
inside  wires,  but  they  are  distributed  over  their  surface* 
Therefore  it  follows  instead  of  the  aassiwe  wires,  when 

this  is  possible,  to  apply  aultiple  by  galvanized  iron 
cables,  since  with  just  one  section  the  surface  of  cable 
is  considerably  nore*  In  this  respect  aassive  ribbon 
coadactors  one  should  prefer  to  aassive  circular  conductors. 

The  connections  of  the  individual  parts  of  the 
lightning  conducting  device  aust  be  coup lately  reliable  and 
provide  continuity  of  an  entire  shielding  systea  as  a 

wholes  otherwise  lightning  can  deviate  fron  the  path 
designated  by  it,  and  in  the  place  of  disruption,  will 
occur  spark  discharge  with  all  its  conseguences  for  the 
shielded  installation:  in  the  place  of  junping  of 
discharges,  the  wire  to  nelt,  will  be  broken  and  will 
arise  the  fire  hazard  and  daaage/def  eat. 

For  a durable  and  reliable  contact  it  is  necessary  all 
the  connections  to  produce  with  welding;  only  in  such  a 
case,  when  the  execution  of  welding  work  is  not  represented 
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it 


possible  under  these  conditions*  connection  can  be  nnde  by 


a screwing.  >ith  the 

realization 

of 

the 

contact  by 

last/latter  aethods*  it 

is  necessary 

that 

the 

connection 

would  be  carried  out 

overlapping 

and 

so 

that 

would  be 

accepted  the  neasures  against  the  spontaneous  weakening  of 
nets  and  bolts.  Contact  area  nest  be  not  the  less  deal 
section  of  the  conbinable  cell/eleagnts.  lor  lightning 
conducting  device  would  be  being  long-lasting*  it  one  should 
shield  fron  cheaical  and  aechanical  danages.  For  the 
taxget/purpose  of  corrosion  protection  the  iron*  used  for 
lightning  conducting  devices*  should  be  well  zinced.  In  the 
case  of  the  siaultaneous  application/use  of  steel  and  copper 
of  point  of  connection  then  it  is  qece&sary  to  shield  fron 
the  penetration  of  noisture  by  the  device  of  current 
conducting  packing/seals  to  avoid  electrolysis. 

All  the  aetallic  parts  of  the  installations*  utilized 
as  subsidiary  with  device  lightaiags-arrestar*  it  is 
necessary  suchr  well  to  shield  fron  corrosion  as  a result 
of  the  effects  of  the  ataosphere*  cover/coating  then  with 
oil  paint  or  asphalt  varnish.  Connections  and  to  grounding 
electrodes*  that  are  located  in  the  earth/ground*  besides 
zincing*  should  be  cover/coated  with  asphalt  varnish  or 
resin  for  protection  fron  the  destructive  effect  of  the 
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noistnre  of  soil,  bat  in  the  presence  of  acids  in  it  * 
by  asphalt  varnish.  Grounding  electrodes  thenselves  east  not 
ha  the  insulating  coatings. 

Page  464. 

protection  froa  aechonical  dan ages  is  provided  by 
correct  placeaent  of  the  separate  cell/eleaents  of  lightning 

conducting  device  at  the  shielded  installations  and  their 

reliable  attachnent.  The  parts  of  the  lightnings-arrestor, 
which  are  located  on  height/altitude  2.5  n,  and  at  depth 
20-30  cn  of  the  earth's  surface,  oust  be  shielded  fron 

possible  aechonical  dosages.  For  this,  are  cosnoaly  used 
angular,  channel  or  wooden  coating. 

The  tube,  used  as  enclosure/protection^  creates  this 
high  resistor/resistance  in  the  path  of  the  current  of 
lightsing  as  a result  of  self-induction*  that  appears  the 
da»ge*  of  the  change-over  of  lightning  fron  current  tap  to 
the  shielded  installation.  If  there  are  setal 
enclosure/ protect ions,  it  should  be  current  tap  connected 
also  by  then. 


v-T-; 
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Divertor  protection  (rod). 


Divertor,  or  is  bolt,  protection  siaplest.  It  is  aade 

in  the  Corn  o£  the  veil  grounded  aetallic  or  woolen  rods 

(diverters)  with  those  who  were  strengthened  on  then  in  the 
case  of  wooden  rods  lightning  collector  and  the  wires  of 
leads^  The  pointed  or  aade  in  the  fora  of  sphere  upper 
part  of  the  aetallic  rod  serves  as  lightning  collector,  and 
rod  itself  - by  a current  tap.  *hen  diverter  is  aade  froa 

tree,  as  lightning  collector  is  applied  the  special  iron 


core. 

strengthened  to  diverter 

and 

which 

is 

increased  above 

it  os 

1*1.5  u (diaaeter  its 

25-50 

an)  • 

For 

are  utilised  the  specially  fastened  wires  of  this  section: 
for  that  uhich  was  not  branched  - SO  an*  (steel)  even  50 
as*  (copper),  for  that  which  was  branched  - SO  an*  (steel) 
even  25  aa*  (copper)  • 

Diverters  were  establish/installed  for  the  shielded 
objective  or  on  certain  distance  froa  it.  The  wooden 
supports  of  divertor  protection  have  vital  iaportaace  when 
diverters  are  placed  directly  for  the  aost  shielded 
objective  (installation,  building)  and  when  it  is  necessary 
to  prevent  the  possibility  of  the  course  of  the  current  of 


a 

DOC  » 77233*08  PAGI  J.%0 

lightning  through  the  body  of  the  shielded  object.  This  is 
reached  by  the  device  of  cerreat  tap  oa  the  wood* a 

support,  which  insulates  lightning* arrestor  froa  the  shielded 
object. 

Daring  the  setting  up  of  the  diverters  of  considerable 
height/altitude  and  at  a distance  froa  the  shielded  object 

then  they  sake  in  the  fora  of  wooden  coluaas  either  of 

aetallic  or  in  the  fora  reinforced  concrete  aasts  (Fig. 

2f  6)  • 

For  the  characteristic  of  zone  of  protections  of 
diverters*  besides  the  coefficients  of  protection,  were 
introduced  the  angles  of  protection  (angle  between  the 
height/altitude  of  cone  and  it  generatriz)  ; these  angles 
■ere  necessary  for  the  characteristic  of  shielding  properties 
daring  the  siaaltaneous  application/use  of  several  diverters. 

The  analysis  of  thunderstora  daaage/defeats,  produced  by 
1.  Sv  Stekol*nikov,  A.  A.  Akopyan  and  A.  P.  Belyakov, 

shoved  that  in  the  aajority  of  cases  the  coefficient  of 

the  daaage  was  1.5*2.  Based  on  this,  ezpedient  it  was  in 

the  especially  critical  ensue  ef  protection  to  recoaaend  the 
coefficient  of  protection  /c,.|  and  the  angle  of  protection 
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Pag*  *65. 

For  tka  redaction  of  prices  of  the  derice  of 
lightning- arrestor  th*  coofficiont  of  protection  incroasod  to  /(, 
* 1.2-1. 3 and  respectively  « » 50-52°  (in  less  critical 

cases).  Daring  the  ase  of  several  diverters,  the  sons  of 
their  protective  action  increases. 

For  the  especially  critical  installations  sere 
recossended  * ■ 45*  and  fi  * 50°,  for  less  critical  ■ » 

50°  and  ft  « 55°. 

is  sho*  investigations,  the  coefficient  of  protection 
depends  on  aany  conditions:  the  height/a  It  it  tide  of  the 
standing  of  thunderclouds  (the  loser  the  cloud,  the  lesser 
the  shielding  space,  created  by  lightning  conductor)  ; the 
relationship/ratio  of  the  height/altitude  of  the  shielded 
object  and  lightning-arrestor;  the  required  degree  of 
reliability  of  the  arranged  lightning  protection. 

This  dependence  is  expressed  by  the  foliosing 
relat ionsh ip/ratio: 


Ki-KopA, 
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where  (,  - the  high~altitude  coefficient,  which  considers 
the  heigh t/altitude  of  the  standing  of  cloud  and  deterained 
by  the  following  espirical  for aula: 

*,~=5.891g  ^1+0,086-^j, 

where  H is  a height/altitude  of  the  standing  of 
thunderclouds  in  a; 
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Fig.  216.  Divertor  (rod)  lightaing-arrestpr  and  its 
characteristic.  I - single  lightning~arrestort  II 
light mi ng-  arrestor . 


deal 


h o — a height /altitude  of  the  shielded  object  in 
- the  boundary  coefficient*  considered  by  the 
relatioesh ip/ratio  of  the  height/altitudes  of  object  and 


INMHHHM 
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lightning-arrestor  and  deter ained  in  the  for aula 

p-\  -0.218 

*« 

(here  ha  is  a height/altitude  of  lightning^arrestor) I - 
the  coefficient  of  the  reliability  of  protection,  which  can 
be  accepted  equal  to  0.6* 

For  the  case  when  lightning-arrestor  has  direct 
electrical  connection  with  the  shielded  object  (for  exaaple, 
with  the  protection  of  factory  and  plant  chianey  stacks  and 
nonflaaaable  installations),  i.e.,  when  is  applied  bolt 
protection,  the  coefficient  of  reliability  can  be  taken  as 
equal  to  0.65.  Knowing  the  coefficient  of  protection,  it  is 
easy  to  find  the  radius  of  protection: 

r=K,(h,-k0). 

>ith  the  aid  of  the  indicated  forsulas  for  the  taken 
conditions  H * 400  a and  different  values  h,  and  hs,  are 

constructed  the  diagraas  (Fig.  217  and  218),  through  which 
find  a coefficient  of  protection  and  a radius  of  protection 
for  divertor  and  bolt  protection. 
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Pig.  217.  Diagram  for  deternining  coefficient  and  radius  of 
protection  of  diverter  ( numerals,  designated  directly  of 
carves,  indicate  height/altitude  of  diverter  above 
earth/ground  in  neters)  - 


Page  467. 

These  diagrans  sake  it  possible  to  tentatively  and  rapidly 
determine  the  shielding  properties  of  the  lightning s-arrestor 
of  the  indicated  types  for  specific  conditions. 


1 
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On  the  basis  of  the  establish/installed  by  practice 
sizes  of  sons  of  protections,  and  also  vith  the  aid  of 
the  indicated  diagraas  was  deter ained  the  corresponding 
quantity  of  diverters  of  the  necessary  height/altitude. 

During  the  setting  up  of  diverters,  one  should  also 
consider  the  possibility  of  the  transition  of  lightning  froa 
lightning* arrestor  to  the  shielded  installation.  For  the 
prevention  of  the  sinilar  phenoaena,  it  is  necessary  that 
the  distance  between  the  lightning-arrestor  and  the  shielded 
object  would  be  not  the  less  deterained  value. 
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Fig*  218.  Diagraa  for  deterainiag  coefficient  ui  cadims  of 
the  protection  of  stub  (minerals,  designated  directly  of 
carves*  indicate  the  height/altitude  of  probe  above  the 
earth/ground  in  aeters* 


Page  468. 
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This  distance  depends  on  the  height/altitude  of  thn  ahieided 
object  h0  and  of  earth  resistance  of  lightniag-arrestor  Ri 
and  previously  it  vas  deternined  fron  the  foraala 

s>*»[u-g=a.(w-i)]. 

where  S - peraissible  distance  froa  lightning-arrestor  to 
the  shielded  installation  in  a; 


R<  • earth  resistance  of  lightning-arrestor  in  oka ; 


h0  - a height/altitude  of  installation  in  a. 

For  each  assigned  value  #,■  eas  obtained  conpletely 
deternined  value  S.  The  last  foraula  is  used  for  checking 
the  iapossibility  of  the  transition  of  the  discharge  through 
soil,  for  this,  instead  of  taken  gradient  of  air,  one 
should  take  the  appropriate  gradient  of  soil.  In  this  case, 
it  can  happen,  that  depending  on  soil  the  last  check  will 
give  the  larger  value  of  S,  than  precediag/previons. 

purtheraore,  it  is  necessary  to  consider  the  value  of 
sufficient  passages  in  accordance  aith  the  regoireaeats  for 
fire  technology.  In  all  cases  ehere  they  oust  pass  fire 
aotor  vehicles,  the  indicated  distance  east  be  not  to 


w 
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exchange  5-6  n. 

Distinct  a atong  diverters,  selected  is  accordance  with 
beight/alt  it  ode  and  the  width  of  the  shielded  by  then 
object,  was  indicated  for  the  especially  critical 
installations  not  aore  than  4(h3-h«),  where  h3  is  a 
height/a  It  it  ode  of  diverter,  hQ  is  a height /altitude  of 
protected  object. 

F or  the  sane  target/purpose  was  intended  the  diagran 
(Fig.  219),  constructed  for  different  values  R{  and  h0.  on 

i 

this  diagran  are  shown  the  potentials,  which  appear  in 
diverter  daring  discharge. 

To  determine  radius  r - the  zone  of  protection  of  a lightning 
rod  - some  investigators  have  proposed  formulas  which  indicate  the 
dependence  of  r on  a number  of  factors. 

Thus,  for  instance,  peak  indicated  the  lav  governing 
dependence  of  r on  a and  hj : 

r—]/2H—  ht , 

where  H is  a height/altitade  of  the  standing  of  cloud;  h, 
is  a height/altitude  of  lightning-arrestor. 

1.  h.  Akopyan  showed  another  dependence: 

'+-T4 


1 
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•kere  ^ - the  height/altitude  of  lightning-arrestor { 

the  height/altitade  of  the  shielded  object. 


hx 


Page  469, 


Antenna  protection  (cable) • 


As  lightning  collectors  with  aftenna  protection  they 
»“•  ot  several  wires,  horizontally  stretched  above 
the  shielded  installation.  Vires  fasten  on  two  specially  for 
this  the  provided  for  supports.  The  section  of  wires  nust 
be  not  less  than  70-100  an*  for  gland  and  50  an*  for 
copper  (Fig.  220). 

Supports  are  establish/installed  directly  for  the  aost 
shielded  objective  or  sake  in  the  fora  of  the  separate 
aasts*  adjustable  at  a distance  and  aechanically  not 
connected  with  the  shielded  object.  Bor  insulation  of 
cirreat  tap  fron  the  shielded  object  of  the  supports, 
adjustable  for  the  objective,  they  nust  be  aade  fron 
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insulating  notarial  (traa).  iom  of  protaction, 
tk«  action  of  antenna  lightning- arras tor,  has  n 
triangular  prisa.  The  angla  of  protection  • is 
than  20-30«. 


craatad  by 
Cor  n of 
not  sora 
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Pig.  219.  Diagraa  for  deterniniog  aiiata  potential  in 
diverter  and  the  saallest  persissible  distance  froa  diverter 
to  the  shielded  object. 


Key:  (1).  oha.  (2).  Height/altitude  of  the  shielded  object. 

(3) . the  resistor/resistance  of  groasdiag  electrode.  C4)  k / ■ 

Page  470. 


The  coefficient  of  the  protection  of  antenna 
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light  sing* «crestor  was  defined  ftoa  the  foraula 

*-*o  M. 

«*  this  it  was  aade  for  divert or  protection,  with  only 
difference  froa  preceding/previous,  consisting  in  the  fact 
that  the  high-altitude  coefficient  K0  in  this  case  is 
deternined  fron  another  foreula,  naaely: 


*0=3,67- — 

24.8+  — 

where  a*  before  h is  a height/altitude  of  the  standing  of 
thunderclouds  in  a;  h3  is  a height/altitude  of 

lightning- arrestor  in  a;  h0  is  a height/altitude  of  the 
shielded  object  in  a; 

JL  11,74— * — 11.834 

/>  = 1-0,218 -^-10  *»  ; 

"I 

4=0, 6. 

Knowing  K„  it  is  easy  to  define  none  of  protection 

of  the  antenna  lightning-arrestor: 
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Pig.  220.  iatMia  lightning-arrestor  and  its  characteristic. 

I - single  lightning-arrestor*  II  - dual  lightning- arrestor. 


Page  *71. 

For  convenience  and  the  rapid  deterniaation  of 
coefficients  and  nones  of  protection*  jnst  as  for  diverters* 
are  constructed  the  diagraas*  ehich  indicate  directly  the 
valae  of  coefficients  and  nones  of  protection  depending  on 


k 


DOC  - 77233408  PAG* 

tk«  height/altitude  of  antenna  and  shielded  object  with  H * 
• 00  a (Pig.  221). 

If  protection  is  realize/acconplished  eith  the  aid  of 
tvo  aateaaa  light nings-arrestor,  then  the  angles  of 
protection  are  aqoal  to:  a - 20-25°,  p * 45®. 

•ith  several  vires  in  antenna  lightning-arrestor , the 
shielding  properties  of  the  latter  increase;  therefore  the 
“Potation  of  adjacent  lightning-arrestor  was  allov/assuaed 
that  which  was  increased  by  3So/o,  i.e., 

a -1,35-2/.-  2,71; 

then  zone  of  protection  of  this  dual  antenna 
lightning*  arrestor  will  be  equal  to 

LVL+2,7L+L-4,7^«., 

where  L0„«  is  zone  of  protection,  created  by  single  antenna 
lights! ng- arrestor . 
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Fig*  221.  Diaoraa  for  deterniniag  coefficient  and  cone  of 
tie  protection  of  antenna  (minerals,  designated  directly  of 
carves,  indicate  the  height/a It it ade  of  the  lovest  point  of 
the  antenna  above  the  earth/gronnd  in  asters). 
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la  this  case*  distance  a bet seen  two  parallel 
ligh telega-arrest or  was  allow/assuaed:  for  the  especially 
critical  installations  - are  not  acre  than  a * 2(h,-ha), 

for  the  less  critical  installations  - are  not  nore  than 
where  h3  is  a height/altitude  of  antenna 

lightaing-arrestor,  h0  is  a height/altitude  of  the  shielded 

object. 


In  order  to  ensure  the  iapossibility  of  lightning 

discharge  into  the  shielded  objects,  the  height  of  the 
aatenaa  of  light nings-arrestor  one  should  select  in 
accordance  with  data  indicated  above  of  the  coefficients  of 
protection,  shielding  angles  and  the  height/altitude  of  the 
shielded  objects,  to  avoid  the  transition  of  discharge  fron 
lightning  collector  for  the  shielded  objective,  it  was 
r*cO  as  ended  so  that  the  vires  of  antenna  at  the  guite 

lowest  point  of  their  would  be  renoved  fron  the  shielded 

object  up  to  distance  not  less 
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*k*W  U • the  length  of  the  vires  of  antenna  lightning 
collector  in  a; 

I-,  - the  length  of  the  vires  of  each  current  tap  in 


This  saallest  pernissible  distance  between  the  antenna 
wire  and  the  shielded  building  can  be  defined  by 
calculation  as  for  divertor  protection;  it  nust  be  in  any 
case  not  less  than  5 a. 


Grid  protection. 


This  protection  is  actually  Faraday* s aodified  cage.  It 
is  arranged  in  the  forn  of  one  or  two  wire  gauaa  with 
the  size/di nensio ns  of  cages  fron  several  neters  to  dozen 
centiaeters  (Fig.  222) . 


I y//'  W'  & 

'///*//////////,  ^5.(1 
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For  the  large  grids,  which  have  as  assignaent  to 


' 

• 

receive 

lightning 

discharge,  the  section 

of 

their 

sires 

aunt 

be  not 

less  than 

50  an*  for  iron  and 

not 

1S88 

than 

25 

■a*  for  copper.  Grid  lightning  collector  are  solidly 
fastened  above  the  shielded  object  on  the  special  supports, 

adjustable  at  a distance  froa  the  shielded  object,  or  on 
voodea  supports  for  the  objective  itself. 

The  grid  protection  the  aore  ideal  than  the  large 
surface  of  the  shielded  object  it  it  encoapasses#  i.e. , 
than  aora  it  approaches  Faraday's  cage  and  than  it  sualler. 
In  this  case  the  lightning-arrestor  shields  unit  aot  only 
froa  direct  lightning  discharge,,  but  also  froa  its  secondary 
aanifestations  through  electrostatic  induction. 

The  saallest  peraissible  distance  S between  the  grid 
and  the  shielded  object 

i-i 

•here  /,  is  length  of  the  flight/spaa  of  grid  ia  a;  /T 

in  length  of  each  current  tap  in  a. 

Distance  a between  the  parallel  wires  of  grid  was 

allow/assuaed  for  the  especially  critical  installations  - are 
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not  aore  than  a * 3(hs-h«); 

I 

where  h,  is  a height/altitude  of  grid  lightning-arrestor; 

he  - the  height/altitude  of  the  shielded  object. 


Other  set hods  of  lightning  protection. 


Besides  safety  aethods  indicated  above,  when  the 
possibility  of  the  direct  iapact  of  lightning  into  building 
is  not  connected  with  the  explosion  hazard  or  fire,  for 
equipaent/device  of  lightning-arrestor,  are  utilized  all  the 
available  on  building  aetallic  a asses,  the  constructions,  the 
co nduit/aani folds,  etc.  For  this  purpose,  all  the  aetallic 
parts  of  the  building  - roof,  beans,  coluans,  drain  pipes 
and  so  forth  - connect  up  one  whole  and  reliably  they 

ground. 

■ith  this  safety  aethod,  the  roof  plays  the  role  of 
lightning  collector,  drain  pipes  and  the  aetallic  parts  of 
the  walls  serve  as  current  taps,  but  for  a grounding  are 


ut  Hiked  water  pipe  or  special  grounding  electrodes.  In 


certain  cases  lightning  collectors  are  the  wires  of 
lightning* arrestor , laid  on  the  aost  elevated  pacts  of  the 
roofing  of  the  shielded  building. 

The  indicated  systea  of  lightning  protection  is  cheap 
and  is  found  a use  for  the  protection  of  the  buildings, 
which  are  not  the  explosion  hazard  or  fire  and  therefore 
they  can  safely  perceive  on  thenselves  direct  inpact  on  the 
condition  that  all  the  aetallic  parts  of  the  building  are 
well  connected  and  grounded-  is  an  exanple  of  irrational 
lightning  protection,  previously  was  noted  the  systen,  which 
obtained  in  its  propagation  tine,  in  particular,  for  the 
protection  of  dangerously  explosive  locations.  This  protection 
is  spark  arrestor  with  its  arranged/located  at  nodal  points 
beans  of  snail  rods  - lightning  collectors. 


Page  474. 

Grid  is  fastened  directly  during  the  roofing  of  the 
shielded  building,  it  is  not  insulated  froa  it  and 
therefore  it  represents  the  deteraiaed  danger  for  iaflannable 
and  dangerously  explosive  locations. 

1 


In  the  literature  there  are  indications  of  the  cases 
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of  fires  froa  lightning  daring  the  use  of  sisilnr 
light nings-arrestor.  Being  by  very  co spies  nod  any , this 
protection  is  unsuitable  also  for  the  less  critical  objects. 

• la  the  practice  of  the  operation  of  lightning- protection 
eguipnent/devices  in  Prance,  it  is  noted  that  the 
light aiags-arr«8t or  of  Franklin  (rod)  and  of  Faraday  (cage) 
do  not  provide  the  reliable  protection  of  buildings. 

Onder  con tan por ary  conditions  is  found  a use  as  a ore 

advanced  type,  lightning- arrestor  with  radioactive  ioniser  (by 
driver)  whose  idea  was  known  into  1914  sore  on  the 
proposition  of  Stsillyard  (French  Acadeay  of  Sciences), 
lightning- arrestor  consists  of  the  iron  core  whose  one 
end/lead  is  connected  with  the  earth/ground*  and  at  other 
end/lead  on  insulating  base,  is  located  the  net alii c disk 

under  which  is  placed  the  porcelain  basin,  cohered  with  the 

indelible  radioactive  salt.  Disk  is  connected  with  antenna. 

The  potential  of  disk  is  egual  to  the  potential  of  the 

P 

layer  of  the  surrounding  atnosphere  and  it  is  positive  with 
respect  to  rod.  Repulsing  the  positive  ions,  isolated  by 

' 

radian  salt,  disk  attract/tightens  negative  ions  fron  rod 
and  thus  it  serves  as  the  driver  of  the  ionisation  of 
air,  preventing  lightning  discharge. 


I 
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On  • xisting  knowledges*  tbs  radius  of  action  of  sack 
lightaings-arrestor  depends  on  the  beight/altitude  of  a 
point*  gaantitj  of  radioactive  salt*  degree  of  the 
electrification  of  clouds  it  reaches  several  hundreds  of 

asters. 

The  active  part  of  the  instreaent  is  not  subjected  to 
the  effects  of  the  ataosphere*  and  the  service  life  of 
this  lightning-arrestor  is  not  virtually  United. 

5.  Operating  recoaaeadations  regarding  equipneat/device  of 
lightning  protection. 

Exaained  types  of  lightaings-arrestor  sith  their 
characteristics*  which  were  being  applied  for  aaay  years* 
subsequently  on  the  basis  of  conducting  scientific 
iqvestigations*  suppleaentary  research  on  the  separate 
phenonena*  connected  with  the  thunderstorn  also  of  the 
practical  experience  of  the  operation  of  lightning- protection 
eguipnent/devices  were  critically  reexaained*  which  forced  to 


r 


b 
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■etch  up  in  a a««  way  the  practical  solatioa  to  tka 
question  concarning  equipaent/device  of  rational  lightning 
protaction. 


fka  proposal  by  tka  separata  authors  fornulas  for  tka 
calculation  of  tka  zone  of  protection  actually  differ  fron 
aack  other  and  do  not  nake  it  possible  to  accurately 
define  the  zones  of  protection;  they  can  only  orient  in 
the  direction  of  the  solution  to  individual  particular 
questions. 


The  taken  in  the  USSB  reconnendations  regarding 
equipsent/device  of  lightning  protection  are  connected  uith 
the  need  for  very  conplex  geoaetric  constructions.  Taking 
into  account  this  fact*  it  vas  considered  advisable  of  the 
zone  of  protection  to  deteraine  by  the  siaplified  graphic 
aethod  of  their  construction  with  the  aid  of  straight  lines 
and  circuafereace. 

i 

Page  475. 


Bith  the  accuaulation  of  tka  systeaatized  natarial  on 


tka  operation  of  tka  existing  lightning-protaction 
equipaent/devices  and  perfectioa/iaproveaent  of  vary  nethods 
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of  experiaental  studios  aroso  the  nood  for  rofiaosont  a ad 
corroctioo  of  the  existing  lightning* protection 
eg aipnent/de vices  with  those,  in  order  to  create  rational, 
virtually  aost  reliable  protection  froa  lightning  discharges. 

Are  shosa  below  the  used  aethods  of  graphic 
coaatroctioa  of  the  rones  of  protection  for  rod  (earlier 
than  di»ertor  and  bolt)  lightnings-arrestor  and  cable,  than 
earlier  called  antenna* 

Bod  light aing-arrestors. 

Single.  Height/altitude  h,  = 60  a. 

The  fouadation  of  the  rone  of  protection  is 
circnaference  with  radius  r * 1.5h.  the  horixontal  section 

of  the  soae  of  protection  at  the  height/altitade  of  the 
shielded  object  - is  circle  with  radios  of  r,  (9.5 

lengths  of  the  shielded  object). 


If  the  heijht/altitode  of  object  A,<VA 


frequent  lj  occurs  in  actuality,  then  it  is 


that  aost 
ssary  to 
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connect  point,  which  is  located  on  the  axis  of  cone  on 
height/altitude  0.8h  fcon  ground  level,  and  point,  which  is 
located  at  ground  level  at  a distance  r * 1.5h  (Pig. 


For  higher  objects  construct  the  suppleaentary  straight 
line,  which  connects  the  apex/vertex  of  lightning-arrestor 
with  the  point  of  the  ground-based  surface,  which  delays 
behind  its  base  at  a distance  r/2  * 0. 75h  (Pig.  233b). 


r~i 

c 

to 

O 

J 

! 

Ll. 
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Tlt«  determination  of  e radios  is  conducted  by  tbe 
foraoles: 


1)  under  conditions  vben  0</i,  <J/>A, . rx-  \,2bK  (4,— 1.254,); 
(Pig.  224  a) ; 

2)  under  conditions  ebon  7*A,<AX<A,.  /■„- 0,625/C  (A,— A,), 

litb  rod  lightning-conducting  k ■ 1.2. 


Dual. 

The  layout  of 

the  zone  of  the  protection 

of 

dual 

rod 

lightni ng- arrestor 

with  height/altitude 

h,  ^ 

60  a 

and 

the 

distance  betveen 

lightning-arrestors  is 

shown 

in 

Pig. 

22*. 

Ind-type  regions  are  represented  by  the  zone  of  the 
protection  of  single  rod  light nings-arres tor.  The  niddle  part 
of  the  zone  is  limited  on  top  bp  the  circumference, 
passiqg  through  the  apez/*ort«*e*  of  lightning-arrestors  and 


I 


[: 

n 

IL 
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the  least  keigkt/altitode  of  the  zoo*  of  the  protection 
•kick  in  torn,  is  detereiaed  ky  the  fornalas 
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Hf«  *77* . 

But  if  art  known  t be  height/altitode  of 
lightning- arrestor  and  tke  distance  between  lightning  s- arrestor 
a,  then  it  is  possible  to  deternine  the  necessary  by  the 
conditions  of  safety  height/altitode  of  the  lightning- arrestor 

A,  - 0,571  A,  -f  }/  0.1 83  Ao  -f  0 ,0357a*. 

Is  a resalt  of  coaparisee  «i<  research  on  these 
warioes  work*  is  reconaended  the  following  dependence  between 
the  height/altitude  of  lightaings-errestor  h,#  the  snallest 
height/altitode  of  the  zone  of  protection  hQ  and  the 
distance  between  the  lightaiags-arrestor: 


where  for  the  deal  rod  light  ping-arrestor  K»  * 7- . 

it  walnes  a/h,  > 5-3  cir confers nee*  which  lint*8  fron 
above  the  sorface  of  the  zone  of  protection#  it  will  toech 
the  liaaw  which  connects  the  foondations  of  lightning 

collectors:  ha  ■ 0;  r.  - 0.  It  wales  a/h  ■ I#  deal  rod 
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lightning* arrest or  operates  as  two  siqgle  tod  lightning 
co ad actors* 


Cable  lightning* arrestors. 


For  deter ain ing  the  zone  of  the  protection  of  cable 
lightning*  arrestor,  are  applied  the  sane  methods  of  graphic 
construction,  as  during  the  definitioq  of  the  zone  of  the 
protection  of  single  rod  light ning*ar rest or,  with  only 
difference  in  the  fact  that  the  radios  of  a circle  of  the 
zone  of  the  protection 

r=  1,25/i3  instead  of  1,5/i3. 

The  niddle  part  of  the  zone  of  protection  is  liaited 
to  drcnafereace,  is  passing  through  the  azle/axes  of  cables 
and  the  point,  which  deteraines  smallest  height  of  the  zone 
of  protection  h#.  This  height/altitude  is  determined  froa 
the  for aula 

A„  - 3A,  - Y 4Aj  + 0,25a*  . 


If  are  hnown  h„  and  a,  then  can  he  determined  the 
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necessary  height/altitude  of  lightning  collector,  i.e.#  the 
height /altitude  of  the  suspension  of  cable  and  supports: 

In  this  case,  the  height/altitelia  of  the  supports  on 
shich  is  suspended  the  cable#  is  selected  taking  into 
account  the  deflection  of  cable. 

Bith  relationship/ratio  a/h3  = 4.4#  circunference  will 


touch  ground  level,  i.e. , hQ  = 0#  with  a/h3  = 5 

interaction  of  cables  disappears. 


• 0.6A.+J/  0.16Aj+0,05a*  . 


1 


a i 

\ 

* 


i 
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Pig.  255.  Dependence  of  smallest  height/altitude  h„  of  zone 
of  protection  om  distance  between  light nings-arrestor  a. 

Page  470b 

Object*  which  is  found  on  territory  with  the 
arranged/located  on  it  several  lightnings— arrestor*  is 


DOC  * 77233409 


PAGE 


pH 

shielded  froa  lightning  discharges*  if  diaaeter  of  a circle, 
passing  through  the  apex/vertexes  of  lightnings-arres tor*  does 
not  exceed  octuple  active  height/altitude*  i.e.* 

D<8(A,-Ajr). 

To  avoid  the  overlap  by  lightning  fron 


lightning- arrestor 

for 

the 

shielded 

objective*  it 

is 

necessary  between 

then 

to 

aaintain 

the  deterained 

d 1st a aces* 

on  the  basis  of 

the 

value 

of  the 

potential*  which  appears 

during  lightning  discharge  on  light ning-arrestor*  and  the 
peraissible  electric  intensity  of  aediun. 

During  lightning  discharge*  with  the  course  of  the 
current  of  lightning  through  the  lightning-arrestor*  on  the 
latter  appears  the  very  high  potential*  which  is  caused  by 
a voltage  drop  across  the  effective  resistance  of  the 
grounding  of  lightning-arrestor  (pulse  resistor/resistance)  and 
og  inductive  reactance  of  current  taps,  fith  respect  to 
this  potential  on  lightning-arrestor  can  be  represented  by 
the  following  expression: 

U«~luR.+dJ£L  Cv3 

where  Uu  - potential  (stress  earth  referenced)  on 


lightning- arrestor ; 
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/„  - a current  of  lightning  in  ki  (100*150  ki)  ; 

dl 

- a cate  of  the  increase  of  the  currsnt  of 
lightning#  egoal  to  30  k /s; 

L - inductance  of  current  taps  (fros  the  calculation 
of  specific  inductance  in  1.7  aH  on  1 lin.  a.  of  current 
taps  and  length  of  current  taps  in  i a). 

After  accepting  the  current  of  lightning  A.  in  150  kA 
and  average  electric  intensity  in  air  E * 500  kv/n,  finds 
uaallest,  pernissible  through  conditioqs  of  safety#  the 
distance  between  the  lightning-arrestor  and  the  shielded 
object: 


S,  a 

* f. 


To  avoid  overlap  in  the  eurth/ground  in  the  case  of 
lightning  discharge  froa  the  grounding  electrodes  of 
lightning* arrestor  to  underground  c can unications#  the 
structural/dnsign  parts  of  the  buildings#  also  aust  be 
provided  the  sufficient  distances 
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vhere  B,  - im«f«  strMftk  of  electric  field  in  the 
earth/ground  is  egual  to  300  kV/s. 


Page  479. 


6.  Hints  on  eguipaent/device  of  lightning  protection. 


All  the  ezanined  types  of  lightning  protection  are 
essentially  characterized  by  only  lightning  collectors;  in 
relation  current  tap  and  groundings  they  do  not  differ  froa 
each  other  and  are  subordinated  to  general  for  then 
reguireaents. 


Currant  taps.  Hith  eguipaent/device  of  current  taps,  one 
should  ensure  a sufficient  section  of  their  vires.  In  the 
practice  of  the  application/use  of  lightning  conducting 
eguipaent/devices,  repeatedly  vere  observed  the  cases  not 
only  of  the  Belting  of  vires#  but  also  their  coaplete 
evaporation  under  the  action  of  heat  froa  the  current  of 
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lightning,  is  already  aentioned  above,  when  selectiag 
•action,  one  should  proceed  not  only  fron  the  value  of  the 
peraissible  heating  of  wire  by  the  current  of  lightning, 
but  also  froa  its  necessary  aechanical  strength  and  the 
possibility  of  its  corrosion. 

furtheraore,  it  is  necessary  to  consider  a change  in 
the  length  of  the  vire  of  current  tap  as  a result  of  the 


teaperature 

phenoaena*  So 

that 

the  current 

tap 

could 

be 

expanded  and 

be 

presssed 

with 

alternations 

in 

the 

teaperature. 

o 

D 

should  with  the  attachnent 

of 

current 

taps 

not  stretch 

then 

and  and 

what 

is  aore  - 

one 

should 

place 

special  coapensators.  The  attachnent  of  current  taps  nest  be 
sufficiently  reliable;  for  this  are  applied  the  supports  of 
various  forns.  If  building  is  not  dangerous  in  the  relation 
to  fire  or  blast,  sire  of  current  taps  for  protection  fron 
aechanical  daaages  is  expedient  to  place  in  the  places  of 
those  vho  were  provided  for  for  drain  pipes#  or  in  other 
places,  sufficiently  shielded.  In  this  case,  the  vires  are 
arranged  at  a distance  not  nearer  than  0.1  a of  stone 
walls  even  0.2-0. 3 a of  other,  in  the  reaaiaiag  cases  when 
locations  can  represent  the  explosion  hazard  or  fire,  the 
snallest  peraissible  distances  calculate  also  according  to 
diagrans. 
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The  current  tnps  it  is  necessary  to  renove  as  such  ns 
possible  fron  all  sides  of  the  shielded  installation  nt  a 

distance  not  aore  than  1$-20  a of  each  other.  In  all 

cases  shea  there  is  no  fire  hasard  or  blast,  one  should 
utilise  as  current  tap  continually  available  on  installation 
of  aetal  constructions  - colean*  fara/trusses*  drain  pipes* 
etc. 

in  order  to  create  lightning  path  with  the  snallest 
resistor/resistance,  it  is  necessary  current  tap  to  conduct 
not  only  according  to  the  shortest  path*  but  to  aaialy 
a*oid  angles,  sharp  rotations*  asking  saooth  transitions  froa 
the  current  taps*  arrange/located  on  roof*  to  vail  current 
taps  and  further  - to  grounding  electrodes.  If  necessary 
for  the  bendings  of  vire,  they  oust  be  laid  vith  the 

largest  possible  radius;  if  this  is  does  not  aade*  then  is 
lightning*  encountering  high  resistor/resistance  in  bendings 
and  selecting  to  itself  the  vay  of  the  snallest 

resistor/resistance*  it  can  easily  juap  to  the  shielded 
installation.  For  a decrease  in  the  resistor/resistance*  one 
should  apply  vires  vith  larger  surface*  i.e.*  aultiple 

instead  of  the  aassive  and  rectangular  instead  of  the 

circular. 
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Grounds.  For  all  exaained  systems  of  lightning 
protection*  the  correct  equipnent/device  of  grounding  has 
eztrenely  important  value*  Grounding  electrodes  together  with 
the  vires*  which  connect  then  with  current  taps*  are  that 
basic  part  of  the  lightning  protection  whose  assign  neat 
consists  not  only  of  safe  to  abstract/renove  the  current  of 
lightsing  into  the  earth/groond*  but  also  to  provide  its 
even  distribution  in  the  earth/ground.:  For  this*  it  is 
necessary  that  contact  resistance  of  the  grounding  of 
lightning  conducting  eguipnent/device  would  be  saallest  of 
all  contact  resistance  which  can  turn  out  to  be  near; 
otherwise  lightning-arrestor  during  lightning  discharge  it 
will  not  fulfill  their  pro  blew,  so*  if  contact  resistance 
of  the  grounding  electrodes  of  lightning-arrestor  is  great 
in  comparison  with  the  resistor/resistance  of  the  natural 
grounding  electrodes  of  the  nearest  objects*  then  lightning 


discharge 

can 

occur 

not 

into  lightning-arrestor*  as 

this 

probably 

but 

it  is 

direct  into  those  located  near 

the 

installation* 

which 

have 

snaller  contact  resistance* 

i .e  . * 

lightning 

protection 
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lightning.  As  this  follows  of  tlio  given  ikovt  calc  slat  ion 
fora*las,  tka  kigkor  paisa  earth  resists  ace  #<,  tka  tka  sore 
diets ace  is  rag aired  bet wee a tka  lightning-arrester  sad  tka 
shielded  object,  i.e. , la  other  words,  facts  is  sore 
co a p lex  sad  a ore  expensive  the  folfillaent  of  satire 
lights! eg*  arrestor  as  a whole,  on  the  other  hand,  the 
higher  contact  resistance  of  the  grounding  electrodes  of 
lightning- arrestor,  tka  greater  the  stress  directly  in  soil 
and  on  grounding  electrodes  during  the  lightning  discharge 
and  ia  the  presence  of  the  greater  danger  undergone  people, 
who  are  located  near. 


If  we  the  saallest  value  of  the  current  of  lightning 
accept  into  1<y>00  and  the  resist  or/resistaace  to 

spreading  of  grounding  electrodes  in  20<  oha,  then  the 
stress,  which  appears  directly  in  the  place  of  the 

transition  of  terrestrial  current#  will  be  200  thous.  w 
(*ith  respect  to  the  sufficiently  reaoved  point  of  the 

earth's  surface  potential  of  which  can  be  taken  as  egual 
to  zero).  Thus,  is  created  the  danger  of  daaage/defeat  near 
the  place  of  the  grounding  of  lightning-arrestor  as  a 
result  of  step- type  stresses. 

Through  the  indicated  reason  to  be  located  during 
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tkunderstora  about  the  gcoagdiag  electrodes  of 
lightning  arrestor  at  a dlstaaco  ate  nearer  than  10  a 
dangerously.  It  is  necessary  to  apply  special  neans  for  tke 
steadier  drop  of  potential  uitk  tke  aid  of  Mire  gauze  f r on 
tke  bands*  connected  uitk  grounding  electrodes  into  one 
systen.  Tkerefore  uitk  equipaent/device  of  thunderstora 
protection*  it  is  necessary  to  focus  aost  serious  attention 
on  tke  fact  that  grounding  electrodes  had  saallest  contact 
Eesisiance  to  spreading  in  coaparison  with  tke  grouping 
electrodes  of  tke  nearest  objects. 


One  should  distinguish  artificial  and  natural  grounding 
electrodes,  tke  artificial  grounding  electrodes  of 

ligktnings-a  rresto  c * are  applied  iron  tubes*  the  rails*  tke 
plates*  the  grids;  as  natural  grounding  electrodes  can  be 
used  the  eater  pipes*  seuers*  puape*  the  pits  and  other 
Metallic  object/subjects*  laid  in  soil  and  Mhich  haze 
contact  uitk  sell  conducting  layers  of  the  earth/ground  or 
uitk  groend  eater. 


Page  *8i. . 

>itk  equipaent/device  of  the  grounding  of 
lighteings-arrestor  in  the  locations*  not  dangerous  in  the 
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relation  to  blast  or  fire,  one  should  first  of  all  atilise 
natural  grounding  electrodes;  for  this,  of  course,  is 
xegQired  the  resolution  of  the  organ  ixatioa  in  conduct  of 
uhich  is  found  the  operation  of  this  installation.  In  the 
case  of  the  iapossibility  to  utilise  oat oral  grounding 
electrodes  and  the  needs  for  arranging  artificial  is  aost 
better  used  the  gas  tabes  with  length  £,  « 2.5-3  s. 
thickness  A 3.5  aa.  0 50  aa;  plate/slabs  - 50  x 100 

ca  with  thickness  3 as;  grid  ate  1 s (fron  the  steel 
wires  with  a disaster  of  8 aa) . 

The  grounding  electrodes,  intended  for  the  grounding  of 
lightnings-arrestor  and  laid  around  the  shielded  buildings 
and  installations,  oust  gear  into  one  systea  in  the  fora 
of  ring  or  seairings.  For  the  elinination  of  inductive 
reactance,  which  appears  during  the  passage  of  the  current 
of  lightning,  the  tubes,  arrange/located  in  circumference, 
aast  be  connected  by  circuaference  and  by  two  auto ally 
perpendicular  dia asters.  During  arrangeaent/perautation  on  the 
rectangular  outline/contour  of  tube,  they  aust  be  connected 
on  outline/contour  and  then  along  two  diagonals.  The 
grounding  equipaent/device  fulfills  usually  by  such  shape,  as 
this  is  aade  for  equipaent/device  of  the  working  or 
shielding  grounding  of  electrical  installations. 


I 


0 
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Vh«n  the  resistor/resistance  of  the  soil  is  very  great 
aad  there  are  ao  natural  grounding  electrodes,  for  a 
decrease  in  the  resistor/resistance  of  groanding  electrodes, 
are  applied  surface  grounding  electrodes  in  the  fotn  of 
iron  strips  or  bands  by  section  4 z 40  an,  packed  into 
depth  0.3-0. 4 n and  in  the  appropriate  distance  fcon  the 
shielded  installation.  Bhen  appears  difficulty  with 
eg  uipnent/ device  of  the  grounding  of  one  or  the  other 
current  tap  to  the  conaon  grounding  eguipsent/dewice  of 
lightning* arrestor,  each  of  then  can  have  independent 
grounding  in  the>  forn  of  iron  tubes  or  surface  grounding 
electrodes. 


7»  Protection  fron  the  secondary  nanifestations  of  dolniya. 


Systeas  ezaaiaed  above  of  lightnings-acrestor  are 
intended  for  the  protection  of  the  various  kinds  of 
installations  and  buildings  fron  decoapositions  in  the 
presence  of  the  direct  effect  of  lightning.  The  destroying 
action  of  lightning  is  possible  not  only  with  direct 


J 
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is pacts;  it  can  also  occur,  also,  through  inductioa  - 
electrostatic  a ad  elect roaagaetic. 

Electrostatic  induction.  So  ho  is  callad  the  phenoaenon 
of  the  onset  of  the  electric  charges  through  effect  at  a 
distance.  If  tkunderstora  cloud  vith  the  determined  electric 
charge  (for  eraaple,  negative)  is  located  above  any  object, 
insufficiently  null  grounded,  then  on  the  latter  through 
induction  appear  the  electric  charges  of  the  dissiailar 
signs,  egual  to  the  charges  of  cloud.  The  charges, 
arrange/located  nearer  to  cloud,  will  have  the  dissiailar 
sign,  in  this  case  plus,  and  aost  distant  charges  - sinus 

sign.  The  dissiailar  electric  charges  are  attract/tightened, 
and  analogous/siailar  are  repulsed;  therefore  negative  charges 
for  the  objective,  analogous/siailar  vith  charge  clouds,  as 
not  not  connected  vith  it,  depart  to  the  earth/ground. 

Page  482. 

If ter  the  lightning  discharge,  vhich  occurs  instantly,  for 

the  objective,  if  the  latter  does  not  have  sufficiently 
good  ground  connection,  positive  charges  vill  not  have  tine 
te  leave  into  the  earth/grouad  ii,  retaining  for  a vhile 
for  the  objective,  they  vill  create  a potential  difference 
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between  the  object  and  the  earth/ground:  in  other  words* 
object  will  reader/show  under  stress  with  respect  to  the 
«art  h/gronad  and  with  a sufficient  stress  lewel  between  the 
object  and  the  earth/ground  will  occur  spark  discharge.  This 
appearance  of  stress  is  possible  on  the  aetallic  roof  of 
stone  or  wooden  building  with  respect  to  the 
water-cond acting  systen  or  other  grounded  ob ject/sub jects  of 
this  building  (Pig.  226). 

The  stress  in  buildings  can  arise  through  electrostatic 
induction  even  when  charges  are  induced  outside  building, 

for  exanple  for  air  electric  wiring*  and  are  recorded  in 
it  on;  electric  wires-  The  onset  of  siailar  stresses  and* 
their  as  consequence,  sparking  represent  terrible  danger  for 
explosion-  and  inflanaable  locations.  In  the  literature  there 
are  indications  that  the  sparking  between  the 
current-conducting  object/subjects  through  induction  is 

possible  with  sufficiently  large  distances. 

tt  is  obvious  that  if  the  object*  on  which  can  be 

located  the  electric  charges*  is  well  grounded*  no  danger 
of  sparking  arise  can*  since  after  discharge  of  cloud  all 
the  reaaining  for  the  objective  electric  charges  through  the 
grounding  will  leave  into  the  eartV9tound*  without  creating 
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•ith  respect  to  it  a dangerous  potential  difference. 

Therefore  for  protection  fire*  and  dangerously  explosive 
installations  and  buildings  froe  the  sparking,  which  appears 

as  a result  of  electrostatic  induction#  it  is  necessary  all 
the  current-conducting  parts  of  the  shielded  object  to 
reliably  ground  and  not  to  allow/assuae  unit  in  the 
building  of  the  large  extended  aetallic  object/subjects# 
isolate/insulated  froe  the  earth/ground,  then  under  the 
condition  of  grounding  the  appearing  on  these  object/subjects 

through  electrostatic  induction  charges  will  be  easily  and 
rapidly  abstracts  renoved  into  the  earth/groond  and  will  not 
create  that  potential  difference  with  respect  to  the 
earth/ground  with  which  are  Possible  the  spark  discharges. 

But#  as  it  shows  practitioner#  even  in  the  well  grounded 
conducting  parts  of  the  building  and  the  absence  in  it  of 
the  aetallic  isolated/insulated  object/subjects  is  not 
eliainated  the  possibility  of  the  destructive  action  of 
lightning  through  the  electronagnetic  induction. 
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Fig.  226.  Secondary  Manifestation  of  lightning  discharge. 
Blectroetatic  lad action. 


Page  483. 

the  grounding  eguipaent/devices,  intended  for  protection 
fron  the  discharges  of  static  electricity,  sinultaneonsly 
serve  for  protection  fron  the  secondary  Manifestations  of 
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the  lightning  through  electrostatic  induction,  if  the 
resist or/res is tnnce  of  grounding  electrodes  does  not  exceed  5 
ohe  is  the  case  of  the  objects  of  the  first  category  and 
not  less  than  10  oha  — in  the  case  of  the  objects  of 
the  second  category* 


For  protection  froa  static  electricity  and  the  secondary 
aanifestat  ions  of  lightning,  is  allov/assuned  the  use  of  the 
grounding  e gui pan nt/de vices  of  electrical  devices,  if  their 
resistor/resistance  does  not  exceed  those  uho  were  indicated 
above'* 


For  protection  froa  the  secondary  aanifestat ions  of  the 
lightning  of  eguipaent  and  installations,  which  are  located 
under  aetallic  roof,  the  latter  nust  be  grounded  through 
each  15  a on  the  periaeter  of  building.  In  this  case  the 
connections  of  the  eguipaent,  coaaunications  and  other 
object/subjects  aithin  installation  to  grounding  electrodes  is 
not  reguired* 

But  if  siaultaaeously  appears  the  need  for  protection 


froa  the  static  electricity,  generated  under  conditions  of 
eorh,  then  the  supplenentar y grounding  of  all  aetallic 
objects,  contained  location,  installation  with  the  grounded 
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seta  11  ic  roof  is  coapulsory. 

Ilectroaagnetic  iadsctios.  If  is  shielded  building  the 
conduit/as ni folds*  cables#  the  coastractioas  of  grounding 
electrodes  fora  the  closed  outline/contour  and  if  this 
outlise/contour  by  the  cross  li&es  of  the  sagnetic  field# 
uhich  appears  around  the  current  of  lightning#  then  in 
outline/contour  is  excited  elect roaotive  force#  uhich  in 
turn#  creates  current  in  the  indicated  outline/contour  (Fig. 
227)  . 


The  appearing  current  in  the  places  of  the  Poor 
contact  of  outline/contour  can  cause  considerable  overheating 
and  create  the  danger  of  the  inflaaaation  of  conbustible 
substances#  which  are  located  hereabout.  Furtheraore# 
electroaotiue  force  of  the  electronag netic  induction  uhich  in 
value  can  reach  several  ten  thousands  of  volt#  under  knoun 
conditions  can  turn  out  to  be  sufficient  for  the  foraation 
of  the  spark  discharge  through  . the  air  gaps  betueen  the 
loosely  contacted  parts  of  this  oetline/contour  and  create 
the  explosion  hazard  and  fire.  The  protection  of 
installations  fro a the  indicated  danger  by 
onciosure/protection  by  wire  gauze  does  not  reach 
ta rge t/p  or  pose. 
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For  protection  from  the  sparking,  which  appears  throng h 

the  elect  roaagnetic  induct  ion*  it  is  necessary  all  the 

extended  aetallic  object/subjects,  which  Call  in  the  field 

of  the  current  of  lightning#  to  nake  in  the  forn  of  the 

closed  outline/contours*  since  only  in  this  case  it  is 

possible  to  avoid  the  sparking  between  the  separate 

cerreat-eeafl acting  systems* 


Blectrosagnetic  inflection. 


Page  4«a. 
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for  exanple,  sparking  can  appear  between  the  sheathings  of 
the  in  parallel  laid  cables*  For  this  preventioa/warning 
between  the  in  parallel  going  current*cond noting  systens,  one 
shoald  sake  special  netallic  cross  connections. 


For  the  creation  of  the  closed  oatliae/contoar  and 
prevention  of  sparking,  it  is  necessary  to  connect  by  cross 
connections  all  in  parallel  going  conduit/aanifolds, 
arrange/located  in  shops,  piers,  channels,  at  a distance  to 
10  cn  fron  each  other;  cross  connections  nust  be 
estab&ish/installed  through  each  20  a. 

the  conduit/nani  folds,  which  intersect  and  converging  to 
10  cn.  independent  of  their  assignaent.  affiliation/accessory, 
they  nust  be  in  the  places  of  approach  and  intersections 
are  connected  between  thenselves  cross  connections.  If 
conduit/aanifolds  are  located  at  a distance  to  10  cn  fron 
■etallic  staircases,  area/sites,  constructions,  they  nust  be 
connected  to  then  by  cross  connections  (Fig.  228). 

Besides  the  secondary  aanifestations  of  lightning  as  a 


result  of  electrostatic  and  electronagnetic  inductions,  there 
is  a danger  of  the  drift  of  high  potential  into 
installations,  which  are  located  at  a distance  fron 
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light  aing- arrestor*  through  aetal  cable  sheathing,  then  occurs 
lightning  discharge*  in  the  place  of  the  transition  of 

terrestrial  current*  appears  high  potential.  If  is  near 
arrange/located  cable*  then  aetal  cable  sheathiag  will 
render/show  under  high  potential;  the  latter  thus  can  be 
carried  into  the  location*  renoved  froa  lightning-arrestor* 
and,  furtheraore*  cable  can  prove  to  be  opened.  In  order 

to  avoid  the  indicated  phenonena*  it  is  necessary  to 

aaintain/withstand  the  deter ained  distances  between  the 
grounding  electrodes  of  lightning-arrestor  and  cables. 

These  distances  aust  correspond  to  the  distance* 
calculated  by  the  foraela 

5=0,5/?,  [m], 

where  /?,  is  pulse  resistor /resistance  of  the  grounding 

equipeent/device  of  lightning-arrestor. 

Cables  and  conduit/aanifolds  in  the  places  of  entrance 
aust  be  grounded. 

The  saae  one  should  say*  also*  about  equipaent/device 
of  the  shielding  grounding  of  electrical  plants. 
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Fig.  229.  lftipMit/d«vic«  of  cross  connections  on 

conduit/aa nifolds.  a)  the  attachment  of  crass  connections  by 
the  seans  of  welded  lugs,  b)  the  attachaent  of  the  cross 

connections  on  of  condeit/nanifold*  t - strip  steel  25  z 2 
an,  2 is  a current  tap  25  x 4 an  to  grounding  electrode. 

Key:  (1).  To  weld. 

Page  485. 

For  the  prevent! on/warning  of  the  danger  of  the 
incidence/iapingenent  of  the  high  potential  of  lightning 
discharge  to  the  systea  of  the  shielding  grounding  of 
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electrical  devicis,  it  is  necessary  that  the  grounding 
elect rodas  of  light sings- arrestor  would  be  at  a sufficient 
distance  fron  each  other,  is  the  ssallest  peraissible 
distance,  by  analogy  with  that  which  was  indicated  is 
above*  one  should  establish/install  IQ  a. 

Drift  of  dangerous  potential  on  overhead  conductors  into 
buildings.  This  phenoaenon  represents  the  greatest  danger; 
therefore  it  requires  serious  attention*  especially  in  the 
rural  and  suaner- resort  localities  where  not  protected  by 
the  shadowing  of  the  surrounding  structures  aerial  lines  and 
the  connected  with  then  buildings  are  aost  subjected  to 
lightning  discharges. 

To  prevent/warn  the  danger  of  the  drift  of  high 
potential  is  necessary  by  eg uip sent/de vice  of  the  grounding 
of  the  hangers  of  the  insulators  of  entrances  and  of 
aerial  lines  on  the  nearest  two-three  supports.  Barth 
resistance  aust  be  10  ohn. 

Lightning  discharge  into  antenna*  which  is  located 
outdoors*  can  cause  the  drift  of  potential  into  location. 
This  creates  direct/straight  threat  for  the  life  of  people* 
who  are  located  indoor*  and  the  fire  hazard  and  uechanical 
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decoa  positions. 

For  the  pee vent ion/warning  of  sack  drifts  along  the 
strata,  vhich  support  antenna,  it  is  necessary  to  lay  the 
vice  whose  one  end/lead  nust  gear  with  aetallic  roof,  and 
another  nust  be  arrange/located  at  a distance  10-15  an  fron 

the  cable  of  antenna. 

In  location  itself  the  wire,  vhich  goes  fron  antenna 
to  radio  receiver,  oust  be  connected  up  through  the  switch, 
which  nakes  it  possible  either  to  include/connect  receiver 

to  antenna  or  to  i nclnde/connect  antenna  for  grounding. 

This  switching  is  the  necessary  action  of  safety. 

She  use  of  radio  receiver  and  television  set  during 

thundbrstora  is  inadaissible. 
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